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BOOK  I. 

On  the  Mechanifin  of  Nature  j  or  the  ufe  of  natu¬ 
ral  means  in  the  producing  of  pjyfcal  Effe&s. 


CHAP.  I. 

"The  Introdu&ion.  Some  occajional  refleElions  on  the  preju~ 
dices  of  pbilofophers.  Apology  for  the  author,  with  an 
account  of  his  defgn.  Two  different  fy ferns  of  philofophj 

w  briefly  explained,  • 

^  .  .j  i  « 

X 

GO  D  having  created  the  world  for  the  benefit  of  all 
mankind,  every  man  has  a  natural  liberty  of  en- 
"  quiring  into  the  ftru^lure  of  it,  and  examining  the 
various  motions  that  appear  in  it,  with  their  feveral  depen¬ 
dences,  circumftances  and  caufes :  a  ftudy  highly  commend-' 
able,*  if  cqnfidered  only  as  an  inexhauftible  fund  of  innocent 
amufernent,  but  worthy  of  a  better  name,  when  applied  to 
its  proper  ufe :  for  if  it  be  not  our  own  fault,  we  may  out 
of  the  good  things  that  are  feen  know  him  that  is ;  and  by 
conf  dering  the  works ^  be  led  to  acknowlege  the  power,  good- 
nefs,  and  linfpeakable  wifdom  of  the  workmajler, 
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/  I  N  this  inquiry,  though  a  man  may  reap  many  advantages 
by  feeing  with  the  eye^of  others,  who  could  fee  farther  than 
himielf,.  and  is  greatly  to  be  blaliied  if  he  does  not  make 
life  of  the  opportunity  ;  there  is  certainly  no  law  that  obliges 
him  to  keep  hk  eyes  fhut,  where  his  own  fafety  and  fatif- 
fadlion  require  him  to  open  them.  The  conftitution  of  the 
world,  together  with  the^ powers,  caufes  or  principles  upon 
which  the  operations  of  nature  depend,  being  matters  of 
fad:,  and  not  points  of  fpeculation,  it  is  evidence  alpne  that 
can  lead  us'  to  any  rational  determination. 

M  y  defign  at  prefent  therefore  is  to  colled  as  much  of 
this  evidence,  as  the  cafe  can  reafonably  be  thought  to  re¬ 
quire,  and  lay  it  before  the  publick,  without  any  regard  to 
the  fyftematical  reafonings,  or  reputed  authority,  of  this  or 
that  philofopher.  in .  particular.  In  the  profecution  of  this 
defign,  I  fhall  endeavour  to  exprefs  my  mind  with  freedom 
and  impartiality,  as  a  man  ought  in  confcience  to  do,  who 
has  no  private  ends  to  ferve,  and  does  not  defire,  that  the 
value  of  what  he  has  written  fliould  be  determined  by  the 
favour  of  his  friends,  but  rather  that  his  enemies,  if  he  has 
any,  would  rigoroufly  compare  it  with  their  own  obferva- 
tion  and  experience.  ^ 

/  If  we  are  not  free  from  thofe  vulgar  prejudices^ — that  it 
is  a  great  misfortune  to  be  fingular  —  that  the  multitude 
(who  have  been  always  changing)  mull  neceflarily  be  in 
the  right  —  and  that  the  laji  writer,  who  has  obtained  a 
name  in  any  fubjed,  is  to  be  followed  implicitly  in  every 
thing  he  has  propounded  ;  we  lhall  be  afraid  to  enquire^  and 
to  endeavour  to  advance  the  progrels  of  true  and  ufeful  know- 
lege,  as  we  all  profefs  to  do,  and  all  ought  to  do ;  but  lhall 
rather  fall  upon  the  fruitlefs  labour  of  accommodating  every 
new  difcovery  to  the  principles  we  have  already  received, 
;  looking 
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looking  at  the  fame  time  with  a  fufpicious  eye  on  every  wri¬ 
ter,  who  with  regard  to  any  particular  article  would  turn 
us  out  of  the  beaten  track.  An  ancient  maxim  of  the  once- 
celebrated  T^homas  Aquinas  —  Cave  ab  illo  qui  unicum  librmn 
legit  —  deferves  to  be  confidered  by  all  thofe,  who  dare  not 
venture  abroad  in  queft  of  truth,  but  behind  the  back  of 
their  tutor  :  in  which  lituation,  they  may  poffibly  fee  fo 
much  of  him^  as  to  be  able  to  fee  nothing  elfe. 

It  will  readily  be  granted,  I  fuppofe,  that  fuch  a  pradice 
as  this  is  very  child ifh  and  abfurd,  provided  the  obfervation 
be  applied  only  to  the  prejudices  which  once  reigned  in  fa¬ 
vour  of  Arijlotle^  Des-cartes^  or  the  Chymijis  :  yet  it  fo  hap¬ 
pens,  that  if  an  author  comes  home  to  his  own  times,  and 
ventures  to  look  into  any  of  the  preteniions  of  the  prefent 
age,  he  is  in  danger  of  being  aflaulted  by  all  that  meet  with 
him ;  and  generally  with  the  greateft  vehemence  by  thofe 
who  are  the  moft  fuperficial  in  their  knowlege. 

This  confederation,  I  frankly  confefs,  hath  fometimes  had 
lb  much  weight,  and  appeared  fo  formidable  to  me,  that  I 
have  been  almoft  tempted  to  throw  my  pen  into  the  fire, 
rather  than  employ  it  againft  any  current  opinion.  A  fin- 
cere  love  however  of  the  fcience  of  nature,  and  a  confirmed 
perfuafion  both  of  its  ufefulnefs  and  its  importance,  ought 
to  prevail  againft  thefe  difficulties ;  and  they  have  prevailed 
with  me,  to  try,  in  the  firft  place,  if  I  can  difpel  fome  of 
that  learned  darknefs  with  which  the  fubjed:  has  been  over- 
fpread,  and  open  the  way  to  a  better  underftanding  of  it. 

And  here  I  cannot  but  reckon  it  a  great  advantage  to 
truth,  though  it  is  none  at  all  to  myfelf,  that  in  perufing 
the  following  flieets,  the  reader  is  in  no  danger  of  being 
dazzled  or  mifled  by  the  influence  of  a  name  fo  inconfider- 
able  as  .that  of  the  author;  .who  has  no^  popular  prejudices 
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to  appeal  to,  and  cannot  expeift  to  be  heard  upon  any  con- 
fiderations,  but  the  importance  of  the  matter,  the  clearnefs 
of  the  fadls,  and  the  ftrength  of  the  arguments,  he  has  to 
propofe. 

Why  this  attempt  fliould  give  offence  to  any  perfon,  he 
cannot  well  imagine.  For  if  we  divide  the  world  of  philofo- 
phers  into  two  parties,  fome  of  whom  are  influenced  by  an 
undiflembled  zeal  for  the  Chriftian  faith,  while  others  are 
not  afhamed  to  declare  that  they  have  no  religion  at  all ; 
the  former,  I  prefume,  can  have  no  good  obje<^ion'  to  any 
phyflcal  difquifltion,  which  is  conducted  with  fubmiflion 
and  modefty ;  it  being  impoflible  that  true  religion  and 
true  philofophy  fhould  be  at  variance;  becaufe  He  who 
created  all  thofe  works,  which  are  the  proper  objedls  of  na¬ 
tural  philofophy,  was  alfo  the  author  of  divine  revelation ; 
and  God  is  not  divided  againfl:  himfelf.  And  unlefs  it  were 
in  my  ' power  to  point  out  fome  particulars,  in  which  this 
difquifltion  may  prove  to  be  of  fervice  to  religion,  I  fhould 
be  able  to  give  but  a  poor  account  of  thofe  many  hours, 
which  I  have  been  obliged  to  borrow  from  that  profeflion 
and  ftudy,  to  which  the  providence  of  God  hath  more  im¬ 
mediately  called  me.  As  to  the  latter,  they  I  think  who  are 
fo  forward  to  tell  us,  they  have  rejected  all  human  autho¬ 
rity,  and  can  think  freely  in  matters  of  religion,  will  not  be 
very  conflftent  with  themfelves,  if  they  are  angry  with  me 
for  thinking  as  freely  in  matters  of  philofophy.  ; 

This  ought  to  be  remembered  likewife  for  the  fatisfa<flion 
of  all  parties,  that  if  the  method  of  explaining  natural  ef- 
fed:s,  now  in  vogue  amongfl:  us,  be  eftabliflied  on  fufficient 
proof,  or  rather,  as  it  is  commonly  reported,  on  undeniable 
demonftration ;  all  that  I  fhall  occafionally  offer  againfl;  it, 
though  it  may  puzzle  fome  fuperficial  readers  unacquainted 
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with  the  fubjedl,  will  not  weaken  it  in  the  opinion  of  ^nj 
man  of  true  learning  and  judgment.  If  it  be  not  eftablifhed 
on  fufficient  proof,  what  harm  will  there  be  in  difbelieving 
it  ?  we  fhall  then  be  at  liberty  to  turn  our  thoughts  another 
way,  and  may  be  looking  out  with  fbme  better  profped:  of 
fuccefs.  And  as  it  appears,  to  me  at  leaft,  that  no  Phyfical 
EffeB  is  really  explained  or  underftood,  unlefs  it  is  deduced 
from  Phyjical  Caufe^  the  exiftencc  and  operation  of  which 
can  be  experimentally  demonftrated  \  I  fhall  humbly  endea¬ 
vour  to  fhew,  that  the  modern  philofophy,  although.it  has 
carried  natural  knowlege  to  a  great  height  in  fome  refpedlS), 
can  furnifh  no  found  arguments  or  real  objedlions-  againft 
the  mechanijm  of  the  natural  world  ;  and  that  in  every  thing 
it  has  advanced  againft  this  mechanifm,  it  doth  itfelf  pro¬ 
ceed  upon  fuch  principles,,  as.  are  arbitrary,  and  unfupported 
by  any  evidence  that  is  truly  philofophical.  or  phyfical. 
Thefe  I  know  are  very  bold  afiertions :  but  if  the  reader 
will  only  prevail  with  himfelf  to  bear  with  me  for  a  while, 
and  have  a  little  patience,  he  may  perhaps  find  fome  rea- 
fons,  more  confiderable  than  he  is  aware  of,  for  being  of  the 
fame  opinion. 

Every  perfon,.  who  makes  ufe  of  his  fenfes,  muft  needs- 
be  convinced,  that  the  matter  comprehended  within  this  vi- 
fible  world  is  full  of  motion  ;  and  the  learned  have  very 
greatly  doubted,  by  what  means,  and  after  what  manner,, 
this  motion  is  fupported  and  preferved.  Some  of  them,  ac¬ 
cording  to  their  own  accounts,  begin  with  the  two  princi¬ 
ples  of  matter  and  a  void,  fpace*  To  their  matter  they  give 
this  capital  Law^  that  if  once  moved,  it  fhall  continue  in. 
motion,  becaufe  it  has  no  power  to  Jlop  itfelf.  Thus  they^ 
elude  the  neceffity  of  providing  any  phyfcal  caufe  for  the 
confervation  of  motion,  and  fave  themfelves  all  that  trouble,. 
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which  they  might  otherwife  have  in  fearching  after  it.  Then, 
from  the  principle  of  a  vacuum^  or  fpace  void  of  all  fenhble 
matter,  they  propofe  the  two  following  advantages ;  that  a 
body  will  have  room  wherein  to  move,  and  that  being  once 
fet  a  going,  there  will  be  nothing  in  the  way  to  obflrudl  or 
dimini  ill  the  quantity  of  its  motion. 

I N  this  manner  they  account  for  the  continuance  of  that 
motion  which  is  redlilinear :  but  then  for  the  producing  of 
other  motion  in  curves  and  compounded  directions,  with 
which  nature  is  obferved  very  much  to  abound,  they  fup- 
pofe  an  emiffion  of  immaterial  virtues  or  forces,  propagated 
through  their  vacuu7n  from  one  parcel  of  matter  to  another 
far  diftant  from  it.  Thefe  virtues  are  of  two  forts ;  by  the  - 
one  of  them,  one  body  is  fo  affeCted  by  another,  as  to 
be  drawn  nearer  to  it ;  by  the  other,  it  is  caufed  to  recede 
from  it :  and  neceflity  requires  upon  fome  occahons,  that 
the  fame  parcel  of  matter  be  allowed,  and  that  in  all  its 
component  parts,  to  have  both  thefe  powers,  though  con¬ 
trary  to,  and  deftrudfive  of  one  another.  The  names  by 
which  they  have  been  diftinguifhed  in  different  ages  are 
and  (p/Ajct,  love  and  hatred^  fympathy  and  a?itipathy ;  and 
now  they  pafs  current  under  the  faffiionable  terms  of  attrac¬ 
tion  and  repuljion.  But  I  prefume  if  we  were  to  call  them 
a  pulling  without  any  hold^  and  a  pujhing  without  touchmg^ 
we  fhould  defcribe  all  the  fenfe  they  have,  as  well  as  diftin- 
guifli  one  from  the  other.  How  or  when  thefe  qualities 
came  into  the  world,  and  what  they  really  are,  this  fort  of 
philofophy  thinks iitfeif  not  concerned  to  declare;  but  only 
to  affirm  that  there  are  fuch ;  and  if  preffed  either  with 
difficulties  or  abfurdities,  has  this  to  offer  in  its  defence,  that 
the  world  is  over-ruled  by  a  fupreme  intelligence,  which  can 
ad  in  any  tna^iner^  and  which  appears  from  fome  obfervations 
to  .ad  in  this  manner.  These 
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These  are:  fome  of  tHe  out-liiies  of  tiiat  cofmographical 
fyftem,  which  was  taken  up,  and  cultivated  with  all  the 
geometrical  fkill  of  the  great  Sir  Ifaac  Newton  \  who,  as  an 
honourable  author  has  triilj  obferved:  of  .  him,  was -made 
by  nature  and  inclination  for  mathematical  ftudies.”  ^ 
Mod:  of  our  celebrated  mathematicians,  who  are  led  by  a 
natural  bent  to  a  like  method  of<reafoning,  are  confident, 
that  he  has  transfufed  into  phyfical  fubjedls  the  certainty  of 
geometrical  demonftration.  Hence  they  tell  us,  he  has  fe- 
cured  his  philofophy  front  the  hazard  of  being  difproved ;  and 
have  accordingly  belpoken  all  the  di/coveries  that  fhall  hap¬ 
pen  to  arife  in  future  ages^  which,  it  feems,  are  to  con- 
frm  and  enlarge  his  do&rines^  but  can  never  refute  them.  T 
Whether  the  cafe  does  in  all  points* come  up  to  their  de- 
feription  of  it,  we  fhall  be  better  able  to  judge,  I  hope,  from 
the  contents  of  the  following  fheets. 

O  T  H  E  R  philofophers  there  are,  who  believe  the  frame  of 
nature  to  be  a  perfed;  and  well-ordered  machine :  in  other 
words,  that  the  vifible  fyftem  of  the  world,  created,  dif- 
poled,  and  fet  into  motion  by  the  finger  of  God,  ads  as  a 
machine  does;  a  connedion  and  communication  being  pre- 
ferved  between  all  the  diftant  parts  of  it ;  for  if  you  inter¬ 
rupt  the  contad  of  a  machine,  you  deftroy  its  motion  in  all 
thole  parts  from  which  the  communication  is  cut  off.  More 
particularly  they  afiert,  that  the  fluid  aetherial  matter  of  the 
heavens  ads  by  impulfe  on  the  folid  matter  of  the  earth ;  is 
inftru mental  in  every  one  of  its  produdions ;  and  neceflary 
to  all  the  ftated  phoenometta  of  nature.  Hence  they  divide  the 
elements  into  aSiive  and  pajftve'^  not  that  they  are  fuch  by  any 
inherent  or  effential  difference,  but  that  according  to  the  or- 


/ 
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*  See  the  life  of  Dr.  John  North,  p.  260. 
f  See  Maclaurin'%  Account  of  Sir  Ifaac  Ne^tonh  Difeoveries. 
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der  eftabliftied  by  the  divine  archited:,  they  are  obferved  to 
fubhft  under  thefe  different  relations. 

This  fort  of  philofophy  cannot  pretend  to  be  new.  Cer¬ 
tain  it  is,  that  all  the  defcriptions  and  alluffons  in  the  f acred 
writings  agree  to  fuch  a  fcheme  of  nature  rather  than  to 
any  other.  And  that  the  moft  ancient  heathens  were  in  pof- 
feflion  of  this  knowlege,  I  (hall  take  occafion  to  fhew, 
before  I  finifli  what  I  have  to  fay  upon  this  fubjedl.  When 
it  was  in  their  hands,  the  aSiive  elements  had  a  principle  of 
mtelligence  afcribed  to  them,  and  were  taken  for  the  Gods 
that  govern  the  world,  •  But  with  thofe  who  are  taught,  that 
the  true  God  is  diftind  from  and  above  the  world  of  matter, 
though  virtually  prefent  in  it  by  a  providential  infpedion 
and  fuperintendence,  it  will  only  ferve  to  inlarge  their  ideas, 
by  fetting  before  them  the  viffble  evidence  of  that  divine 
wifdom,  which,  with  fo  exquifite  a  contrivance,  and  fuch 
a  ffmplicity  of  defign,  hath  adapted  phyfical  caufes  to  the 
production  of  their  refpeClive  effeCts :  ‘  it  will  introduce  them 
to  a  knowlege  of  things'^  inftead  of  leaving  them  to  founder 
in  a  fet  of  hard  words,  which  as  I  fhall  hereafter  fhew 
have  not  yet  been  defined,  nor  ever  can  be  fo  long  as  the 
world  lafts. 

Something  like  to  this  was  attempted  in  thelaft  century 
by  Des-cartes  :  but  his  method  of  deducing  the  knowlege 
ol:  phyfical  caufes  a  priori  was  very  exceptionable.  He  was 
fo  fond  of  being  thought  an  original,  that  although  an ‘uni- 
verfal  fubtile  matter  does  certainly  exift,  he  ftated  the  cafe 
in  Inch  a  fafiiion,  as  to  render  it  fufpeCled  ;  and  having  af- 
figned  a  motion  to  his  elements  not  agreeing  with  experi¬ 
ence,  and  fuch  as  cannot  be, made  fenfe  of,  ;  fo  long  as  Kep-. 
ler\  law  is  admitted,  his  hypothejis  was  eafily  brought  into 
difrepute.  Many  of  the  learned,  however,  in  other  countries 
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ftill  endeavour  to  make  the  beft  of  it;  rather  becaufe  all 
experiments  fhew  them  the  abfurdity  of  a  vacuum  and  the 
infufEciency  of  attradion  %  than  that  they  believe  the  lyE 
tern  of  their  mafter  to  be  abfolutely  perfed.  And  here  let 
me  obferve  by  the  way,  that  where  nature  is  the  fubjed  of 
inquiry,  no  error  can  be  more  unfortunate,  than  that  of  rea- 
Ibning  a  priori.  Men  have  no  right  to  affume  the  charader 
of  lawgivers  to  the  works  of  God,  but  mufi:  be  content  to 
borrow  from  them  all  the  laws  of  their  own  philofophy  ; 
and  till  they  will  condefeend  to  do  this,  there  can  be  no¬ 
thing  but  ufelefs  wrangling  and  difpute,  even  in  regard  to 
firft-principles  and  fundamentals.  Des-cartes  was  of  opinion, 
that  the  world  is  direded  by  fome  fubordinate  and  mecha¬ 
nical  caufes.  In  which  he  feems  to  have  been  right  only  by 
accident;  for  as  to  the  kind- and  quality  of  thele  caufes,  he 
fearched  no  farther  than  his  own  brain,  and  negleded  thofe 
undeniable  phoenomena,  with  which  his  caufes  are  not  to  be 
reconciled. 

Sir  Ifaac  Newton^  on  the  other  hand,  was  very  diligent  in 
ftudying  thofe  phoenomena,  which  belong  chiefly  to  the  clafs 
of  natural  effeSis ;  in  the  adjufting  of  which  he  makes  a  great 
figure;  but  unhappily  folves  the  whole  government  of  the 
created  world  by  a  nojlrum^  which  hath  n^ver  yet  been  un- 
derftood ;  and  in  the  application  of  which,  he  was  not  very 
confiftent  with  himfelf,  as  we  fhall  find  hereafter. 

The  followers  of  Newt07t  and  Des-cartes^  having  thus  ad¬ 
mitted  fomething  which  is  arbitrary  in  the  very  foundation 
of  their  fchemes ;  _  we  can  never  exped  to  fee  their  difputes 
brought  to  any  ilfiie,  fo  long  as  there  are  men  equally  learn¬ 
ed  and  ingenious  on  both  fides  to  perpetuate  them. 

*  Coufult  De  Gamaches  Aftron.  Phyf.  p.  348  &c.  Regnatdt.  Entret.  Phyf.  Vol.  3.  p.  322 
&c.  Banieres.  Examen.  p.  28.  &  alibi  palT.  Le  Plu/che.  Hlil.  of  the  Heavens.  Book  2.  c.  lo. 
As  for  the  Abbe  Nollet,  he  refers  us  for  his  fentiments  to  the  Abbe  k  Blufche. 

B  /  While 
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While  thefe  able  philofophers  are  contending  with  each 
other,  fome  in  the  purfuit  of  fame,  and  others  in  the  purfuit 
of  truth,  without  being  able  to  agree  where  and  with  whom 
it  is  to  be  found,  I  fhould  not  dare  to  interpole  in  fuch  a 
fubjed:,  unlefs  I  fufpecled  natural  philofophy  to  be  a  much 
eafier  thing  than  they  have  made  of  it;  and  fuch,  as  a  plain 
man,  who  only  confults  the  proper  evidence,  and  pretends 
to  no  more  wifdom  than  the  reft  of  mankind,  may  be  able 
to  ftrike  fome  light  upon.  This  however  cannot  be  done  in 
fuch  a  manner  as  to  be  attended  with  any  good  effed,  till 
it  is  firfi:  determined,  whether  the  operations  of  nature  are 
immediately  owing  to  mechanical  caufes ;  or  whether  they 
are  conduded  after  a  manner  unknown  to  us  in  empty 
fpaces.  Thofe  who  affert  the  latter  are  fuppofed  to  do  it 
with  demo7iJiration  on  their  fide.  It  would  be  vain  therefore 
to  defcribe  the  mechanifm  of  the  world,  and  defcend  to  the 
confideration  of  any  particular  effeds,  fo  long  as  even  the 
general  method  of  folving  efFeds  by  the  operation  of  mecha- 
_  nical  agents  is  thought  to  be  an  abfurdity.  This  method 
of  philofophifing  is  the  very  thing,  againft  which,  fome  of  the 
demonftrations,  that  have  gained  mofl:  credit  with  the  learn¬ 
ed,  are  diredly  levelled :  and  the  writings  of  our  modern 
reafoners,  whether  metaphyficians  or  mathematicians,  are 
ftored  with  objedions,  not  only  againft  the  reality,  but  even 
■  the  poflibility  of  a  mechanical  agency.  To  thefe  their  ob¬ 
jedions  I  fhall  now  addrefs  myfelf  particularly,  and  endea* 
vour  to  fhew,  that  not  one  amongft  them  all  is  of  any  force. 
As  to  their  prejudices^  I  do  not  undertake  to  remove  them : 
but  leave  it  to  time,  and  a  farther  knowlege  of  things,  to 
wear  off  all  fuch  impreftions  as  will  not  bear  to  be  reafoned 
with.  , 


CHAP. 
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reply  to  the  principal  objeElions  in  Dr.  ClarkeV  Letters  to 
Mr,  Leibnitz. 

IT  will  be  allowed  me,  that  the  celebrated  Dr.  Samuel 
Clarke^  when  he  undertook  to  defend  the  Newtonian 
philofbphy  againft  Mr.  Leibnitz^  an  able  Cartejian.^  under- 
ftood  what  he  was  difputing  about,  and  hath  faid  the  beft 
that  was  to  be  faid  upon  the  occafion.  If  this  fhould  give 
but  little  trouble,  we  have  not  much  to  fear  from  any  body 
elfe.  He  has  brought  together  feveral  arguments  againft  the 
doctrine  of  a  general  mechanifm  in  nature  ;  the  firft  of 
which,  if  it  can  be  called  an  argument,  confifts  in  barely 
aflerting  the  impojftbility  of  it.  Certam  portions  of  77tatter.^ 
fays  he,  are  obliged  to  follow  each  others  motions  by  a7t  adhe- 
fon  of  parts^  which  no  mechanifm  can  accou7it  for, 

Now  that  the  parts  of  bodies  are  made  to  adhere  toge¬ 
ther,  and  fome  of  them  very  ftrongly,  is  an  undoubted  mat¬ 
ter  of  fad: ;  that  no  7nechanif77t  ca7t  account  for  this,  or  that 
it  cannot  be  occafioned  by  the  adion  and  preflure  of  fome 
7nechanical  agent ^  is  what  Dr.  Clarke  ought  to  have  proved : 
inftead  of  which,  he  takes  it  for  granted ;  and  would  put 
the  labouring  oar  into  the  hands  of  his  adverfaries.  For, 
having  mentioned  this  opinion  of  Mr.  Leibnitz y  that  the  con¬ 
tinuation  of  motion  in  the  heavenly  bodies,  the  formation 
of  planets,  See,  are  mechanical  operations :  whoever y  fays 
he,  entertains  this  opinmty  isy  I  thinky  obliged  in  reafon  to 


^  *  Colledtion  of  papers  between  Mr.  Leihnitx.  and  Dr.  Clarke,  p.  363. 
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fhe  pla?2£ts  and  comets  can  contmue  to  move  in  the  orbs  they 
do  thro,  unrefifting  fpaces  ;  and  by  what  mechaitical  laws 
both  plants  and  atiimals  are  formed,  ^ 

But  this  is  the  rtrangeft  tafk  that  ever  was  impofed  fince 
the  labours  of  Hercules :  for  we  muft  firft  allow  this  author 
to  empty  the  celcflial  fpaces  of  all  matter,  and  then  fall  to 
work  to  account  for  the  motion  of  the  planets  in  thefe  fpaces 
by  tnechatiifm :  and  we  muft  do  it  partictdarly^  fo  as  to  give 
general  fatisfadlion,  without  failing  in  a  ftngle  article.  If 
thefe  fpaces  be  void  of  all  refifing  matter,  it  follows  of 
courfe  that  they  are  alfo  void  of  all  impelling  matter ;  for 
,the  fluid  that  cannot  refift  in  fome  cafes,  will  never  be  able 
to  impel  in  others.  So  that  this  reafionable  demand,  as  he 

thinks  it,  is  no  other  than  this - we  are  to  explain  all 

things  mechanically  \  but  then  we  muft  take  care  to  do  it 
without  mechanifim.  It  is  not  the  method  of  a  fair  difputant, 
to  require  an  adverfary  to  difarm  himfelf,  and  to  fubmit  to 
fuch  a  ftate  of  the  cafe,  as  will  render  it  impolTible  for  him 
to  fucceed,  and  prove  him  to  be  very  weak  indeed,  if  un¬ 
der  fuch  circumftances  he  fhould  ever  fet  about  it. 

Besides,  there  is  a  great  want  of  perfpicuity  in  Dr. 
Clarkes  way  of  exprefllng  himfelf ;  it  being  hard  to  conceive, 
how  the  motion  of  a  planet  or  a  comet  can  be  continued 
by  any  law  of  mechanifm.  By  fome  mechanical  caufie^  and 
according  to  fome  particular  law^  it  may  perhaps  be  conti¬ 
nued  :  but  his  expreflion  fuppofes,  that  the  law,  after  which  . 
any  motion  is  continued,  is  itfelf  the  caufe  of  its  continu¬ 
ance.  The  word  law^  in  a  phyfical  fenfe,  means  nothing 
more  than  that  degree  or  proportion^  according  to  which 
fome  caufe  is  obferved  to  produce  its  proper  efFecft ;  as  that  of  ^ 

*  Colleftion  of  papers  between  Mr.  Lsibnitz  and  Dr.  Clarke,  p.  363. 
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the  effect  decreafing  as  the  fquares  of  the  diftances  increafe, 
is  the  law  according  to  which  the  caufe  of  gravity  is  obferved 
to  adl.  And  though  I  may  here  feem  to  be  criticizing  on 
words,  yet  whoever  examines  the  affair  of  laws^  caufes^  pow¬ 
ers^  pf^inciples^  and  qualities^  as  they  are  fet  forth  by  fome 
modern  philofophers  of  great  name,  will  difcover  no  fmall 
embaraffment ;  of  which  I  could  give  fome  curious  inftances. 
The  truth  is  this;  being  ignorant  of.phyfical  caufes^  they 
have  endeavoured  to  argue  fuch.  things  out  of  the  creation, 
and  have  put  thefe  laws  into  their  place ;  which  has  pro¬ 
duced  a  fort  of  equivocation,  very  unintelligible  to  thofe  who 
are  not  apprized  of  it. 

I F  the  queftions  abovementioned  were  rightly  put,  there 
would  be  no  fuch  great  difficulty  in  replying  to  them.  Thus, 
if  it  be  required,  what  mechanical  caufe  is  prefent  in  the  ce- 
leftial  (paces,  to  continue  the  motions  of  the  planets  and 
comets  ?  our  fenfes  tell  us,  that  light  is  diffufed  throughout 
thefe  fpaces:  and  we  learn  from  feveral  experiments,  parti¬ 
cularly  from  thofe  of  eleEirkity^  that  the  matter  of  light  can 
impel  and  refefi^  and  that  with  a  degree  of  power  hardly  to 
be  believed  but  by  thofe  who  are  witnefles  of  it.  That  the 
heavenly  bodies  can  move  in  (paces  filled  with  this  matter, 
and  yet  feel  no  reffance  from  it,  is  not  to  be  demonftrated 
by  any  phyfical  proof.  I  know  very  well  what  is  commonly 
urged  to  the  contrary  from  the  theory  of  ref  fiances^  of  which, 
in  due  order,  I  hope  to  give  a  fatisfadlory  account. 

I F  it  fhould  alfo  be  enquired,  after  what  law  of  mecha- 
nifm  this  caufe  will  ad:,  the  anfwer  is  eafy ;  there  being  but 
one  law  known  to  us,  which  a  fluid,  iffuing  in  ftrait  lines 
from  a  center  to  a  circumference,  can  poffibly  ob(erve;  and 
it  is  this,  that  its  force  will  decreafe  as  the  angle  grows  wi¬ 
der  ;  or  to  fpeak  more  ftridly,  its  force  will  always  be  in- 
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/  yerfely  as  the  fquare  of  the  diftance  from  the  center.  Dr. 
Gregory^  in  his  elements  of  aftronomy,  vol.  I.  p.  506,  has  a 
propolition,  wherein  he  demonftrates  that  the  quantity  of 
illumination  on  the  fame  fphere,  placed  at  different  dijiances 
from  the  lucid  body,  is  reciprocally  as  the  fquares  of  the 
diflances :  and  this  is  fo  well  known  to_  every  mathematician, 
that  it  is  needlefs  to  infifl:  upon  it. 

Hence  it  will  follow,  that  if  the  rays  of  light,  or  any 
other  getherial  matter,  whether  iffuing  from  the  fun  as  from 
a  center,  or  preffing  toward  the  fun  as  toward  a  center,  have 
any  fhare  in  the  motion  of  the  earth  and  planets,  the  in¬ 
fluence  of  fuch  an  agent  will  be  reciprocally  as  the  fquares 
of  the  diftances  :  its  power  will  increafe  and  decreafe  accord¬ 
ing  to  the  fame  law,  and  for  the  fame  reafon  too,  that>^the 
quantity  of  illumination  does.  This  law  was  firfl:  difcovered 
by  Kepler ;  and  has  been  greatly  advanced  by  the  labours  of 
Sir  Ifaac  Newton,  But  then  I  beg  the  reader  to  obferve,  it 
is  a  geometrical  law ;  and  as  geometry  is  not  applicable  to 
immaterial  eflences,  but  only  to  matter  and  quantity^  it  muft 
alfo  be  a  law  of  matter,  that  is  a  mecha7^ical  law;  and  if 
the  planets  are  moved  according  to  a  mechanical  laWj  it 
muft  follow  that  they  are  moved  by  a  mechanical  ageftt^  be 
that  agent  what  it  will.  For  it  would  be  abfurd  to  the  laft 
degree,  to  believe  that  the  adion  of  an  immaterial  power^ 
or  the  immediate  influence  of  God  himfelf  fhould  be  found 
to  decreafe  by  a  geo7netrical  rtde^  and  its  force  be  capable 
of  being  calculated  at  various  diftances  like  the  efflux  of  light 
from  a  candle ! 

Should  it  likewife  be  alked,  what  mechanical  agent  is 
concerned  in  the  formation,  growth,  and  fupport  of  animals 
and  vegetables ;  it  is  very  clear  from  all  experiments,  that 
in  the  common  courfe  of  things,  neither  a  plant  nor  an  ani¬ 
mal 
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mal  was  ever  yet  formed  or  fiipported  under  the  abfence  ei¬ 
ther  of  air  or  of  heat ;  by  the  latter  of  which,  I  would  al¬ 
ways  be  underftood  to  mean,  the  effeB  of  fire.  An  egg 
has  air  *  inclofed  at  one  end  of  it^  to  be  expanded,  and 
made  to  prefs  upon  the  contents  by  the  heat  of  incubation. 
And  what  is  ftill  more  remarkable,  air  is  found  neceffary, 
not  to  the  infide  only,  but  alfo  to  the  outfde  of  a  fhell, 
within  which  an  animal  is  to  be  formed ;  for  Mr.  Boyle  ob- 
ferved,  that  the  eggs  of  iilkworms  will  not  be  hatched  within 
an  exhaufted  receiver,  though  it  be  expofed  to  the  fun’s, 
rays. 

Wi  t'h  regard  to  plants^  every  common  gardener  could 
have  informed  Dr.  Clarke^  that  air  and  fire  have  an  abfolute 
dominion  over  the  whole  vegetable  kingdom ;  the  expence 
of  ftoves,  thermometers,  and  ventilators,  might  otherwife 
be  fpared,  and  the  whole  bufinefs  of  gardening  tranfadled 
in  a  vacuutn.  But  this  is  fo  far  from  being  the  cafe,  that  it 
is  really  amazing  to  fee,  with  what  an  exadlnefs  the  feveral 
tribes  of  plants  agree  in  their  fubftance,  fizes,  and  proper¬ 
ties,  with  the  feajon  and  clhnate  in  which  they  appear,  that 
is,  with  the  different  and  unequal  diftributions  of  heat  and 
cold  all  over  the  face  of  the  earth ;  of  which  phoenomenon, 
I  fhall  have  occafion  to  take  fome  farther  notice  in  a  proper 
place. 

A  s  to  the  body  of  man,  the  circulation  of  the  blood, 
and  the  fpontaneous  motion  of  the  limbs,  if  it  can  be  fhewn,, 
that  any  of  thefe  motions  are  carried  on  without  breath  in 
the  lungs,  and  heat  in  the  veflels,  it  will  then  be  time  c- 
nough  to  affirm,  that  they  cannot  obferve  a  mechanical  law,. 

*  Cavitatis  illius,  in  obtufa  ovi  parte,  utilitates  oftendam.  Jl'rem  intra  fe  continet ;  'deoquQ 
utilis  eft  tA  ov\  wntilationem ad  pulli  perfpirationem,  refrigerium,  &  refpiradonem ;  ac  de- 
nique  ad  loquelara.  Unde  cavitas  ilia  priino  e.xigua^  inox  major,  ac  demum  maxima  confpicitur, 
Harvey,  de  Gen.  animal.  Exerdt.  LXL_ 
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or  depend  on  the  adlions  of  a  material  agent.  So  far  as  we 
are  able  to  judge  from  what  appears  to  us,  the  circulation 
of  the  blood,  and  all  the  animal  functions,  are  fuftained  and 
carried  on  by  an  internal  heat,  which  keeps  the  blood  fluid, 
and  by  the  external  ah'  prelTing  into  the  lungs.  Thefe  ferve 
as  a  pump  to  draw  the  blood  from  the  heart,  and  the  air 
keeps  this  pump  in  motion.'  Thus  the  air  is  to  the  body, 
what  the  weight  is  to  a  clock ;  while  the  heart,  with  its 
valves,  performs  the  office  of  a  pendulwn^  to  gauge  and  re¬ 
gulate  the  circulation.  What  I  have  here  faid  in  few  words, 
might  be  confirmed  at  large  from  the  obfervations  and  ex¬ 
periments  of  Swammerdam^  Bartholme^  Dr.  HaleSy  and  others. 
Were  the  theory  of  animal  ^notion  to  be  ftated  for  us,  as  that 
of  the  planetary  motions  abovementioned,  this  author  fhould 
have  fet  us  to  account  mechanically  for  the  motions  of  a 
living  animal  from  the  example  of  a  dead  one ;  the  motion 
of  the  planets,  in  U7treftjiing  fpaceSy  being  juft  as  unphilo- 
fophical,  and  as  hard  to  account  for,  as  the  circulation  of 
the  blood  in  a  dead  corps. 

I  MAY  oblerve,  upon  the  whole,  that  the  way  of  reafon- 
ing  Dr.  Clarke  hath  chofen  upon  this  occaflon,  can  do  no 
fervice  to  any  caufe  whatfoever.  His  defign  is  plainly  this 
—  to  throw  fome  difficulties  in  the  way,  and  then  lay  the 
foundation  of  his  own  philofophy  in  that  ignorance  which  is 
common  to  us  all.  For  fuppofe  we  are  not  able  fully  to  ac- 
complifh  the  talk  he  has  impofed,  and  give  fuch  a  mecha¬ 
nical  folution  as  fhall  be  adequate  in  every  inftance;  muft 
it  be  allowed,  that  there  is  no  mechanical  agency,  till  w^e 
are  able  to  explain  particularly  how  every  one  of  its  effedls 
are  brought  to  pafs  ?  There  may  be  in  nature  a  thoufand 
examples  of  a  mechanical  agency,  where  the  particular  ^nan- 
ner  of  it  hath  not  yet  been  difeovered,  nor  the  fubjedf  per¬ 
haps 
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^  haps  ever  examined  with  fuch  a  view.  And  in  feme  cafes, 
I  fuppofe,  the  contrivance  of  an  omnifcient  artift  may,  af¬ 
ter  all  our  labour,  be  above  the  reach  of  human  obfervation ; 
unlefs  the  mechanical  fkill  of  God  and  man  mufi:  necefiarily 
have  the  fame  limits. 

T  o  build  a  philofophy  on  thefe  cafes  is  to  begin  at  the 
wrong  end.  The  only  courfe  that  can  promife  any  tolerable 
fuccefs,  is  to  fet  out  with  the  cafes  that  are  well  underftood ; 
and  thence  argue  by  analogy,  to  fuch  as  are  more  remote, 
and  difficult  of  accefs.  But  to  begin  with  the  things  that 
are  unknown  is  the  way  to  create  difficulties  where  there 
were  none  before :  and  as  we  fhall  moft  probably  try  to 
make  things  of  a  piece,  our  ignorance  there  will  diffufe  it- 
felf  univerfally,  and  give  a  mixture  of  darknefs  to  the  know- 
lege  we  had  already  obtained. 

D  R.  Clarkes  manner  of  objecting  doth  alfo  give  me  a 
fair  opportunity  of  turning  the  tables  upon  him ;  and  that, 
as  I  am  inclined  to  think,  very  much  to  the  difcredit  of  all 
his  reafoning.  For  if  it  be  true,  that  he  who  maintains 
the  mechanifm  of  the  creation,  is  obliged  in  reafon  to  be  able 
to  explain  all  effe6ls  in  that  way,  and  Ihew  how  every  thing 
is  performed  mechanically  ;  then  it  muft  be  equally  true, 
that  he  who  maintains  the  contrary,  and  rejeds  the  notion 
of  a  general  mechanifm,  is  obliged  in  reafon  to  fhew,  that 
nothing  is  performed  mechanically.  For  if  it  can  be  fhewn, 
that  mechanifm  prevails  in  any  one  inftance,  it  will  lead  us 
to  conclude,  that  it  muft  prevail  in  every  other;  upon  a 
bare  prefumption,  that  nature  has  a  wife  author  at  the  head 
of  it,  and  is  governed  by  conftftent  laws,  not  by  fuch  as 
are  capricious  and  contradictory.  The  wifdom  of  God  will 
be  uniform  in  its  operations ;  and  if  it  works  with  natural 
means  in  fome  cafes,  and  we  can  be  well  affured  of  it,  I 
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may  venture  to  fay,  it  does  not  work  without  them  in  any'; 
thofe  only  excepted,  wherein  the  eftablifhed  oeconomy  of 
the  world  is  interrupted  by  fome  immediate  adt  of  divine 
power,  or  a  miraculous  interpolition.  But  thefe  are  more 
properly  the  fubjeds  of  divinity,  than  of  natural  philofophy, 
which  confiders  nature  as  it  isy  and  in  its  regular  courfe ; 
not  as  it  may  happen  on  fome  certain  occafions,  and  for 
fufflcient  reafons,  to  be  thrown  out  of  its  courfe. 

T  o  argue  from  the  abfolute  power  of  God,  exclufive  of 
his  wifdomy  and  that  he  is  able  to  ad  by  the  unmechanical 
forces  of  attraSiion  See.  would  but  ill  become  thofe,  whofe 
proper  bulinefs  it  is  to  fhew  how  things  are  done,  not  how 
they  might  be  done.  Without  doubt,  it  would  have  been 
pollible  with  God  to  have  given  man  the  fenfe  of  feeingy  on 
very  different  principles  from  thofe  at  prefent  eftablifhed. 
The  power  of  God  wants  not  the  mediation  of  light,  to  con¬ 
vey  to  us  a  perception  of  diftant  objeds ;  but  his  wifdom 
hath  been  pleafed  to  make  ufe  of  this  fluid  medium,  as  the 
natural  inftrument  or  phyfleal  caufe  of  vifion.  The  eye  is  a 
compleat  piece  of  optical  machinery,  perfedly  analogous  to 
a  camera  obfeura.  The  chryflalline  humour y  lodged  near  the 
protuberant  part  of  it,  is  a  double  convex  lens  or  magnifying 
glafs ;  the  pupil  anfwers  to  the  hole  in  the  window-fliutter ; 
the  Iris  is  a  moveable  curtain,  to  enlarge  or  contrad  the 
pupil  fo  as  to  admit  a  proper  quantity  of  rays ;  it  anfwers 
the  fame  end  as  the  aperture  in  a  common  telefcope ;  and 
the  retinay  which  is  an  expanflon  of  the  optic  nerve  upon 
the  back  part  of  the  eye,  is  the  fheet,  upon  which  the  images  ‘ 
of  the  objeds  are  properly  coloured  in  miniature.  What  oc- 
cafion  for  all  this  apparatusy  when  fome  quality  with  an 
hard  name  might  have  anfwered  the  end  as  well  ? 
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I  s  not  this  alone  fufficient  to  convince  us,  that  the  wif- 
dom  of  God  hath  chofen  to  adt  with  natural  means ;  that 
is,  with  the  inftrumentality  of  a  fluid  medium,  and  matter 
properly  arranged  to  receive  its  impfeflions  ?  If  this  is  done 
in  one  part  of  the  body,  my  reafon  will  be  fuggefting  to  me, 
it  is  done  in  all\  that  as  the  optic  nerves  are  adled  upon  by 
a  material  medium  for  the  purpofes  of  vifion,  fo  the  lungs 
muft  play,  the  heart  beat,  the  blood  circulate,  and  life,  fenfe, 
and  motion,  be  kept  up  throughout  the  whole  human  frame, 
on  the  fame  plan  of  mechanifm, 

A  N  b  if  the  body  of  man,  which  many  philofophers 
have  confldered  as  a  lefler  world,  be  of  a  piece  with  the 
greater,  as  the  fame  way  of  reafoning,  if  carried  forward, 
will  incline  us  to  fuppofe ;  the  motion  of  that  too  is  kept 
up  by  natural  means.  The  fame  fluid  medium  that  gives 
motion  to  the  lungs,  or  flght  to  the  eye,  may  condudl  a 
planet  in  its  orbit,  and  produce  all  the  various  appearances 
that  have  fallen  under  the  obfervation  of  the  moft  induftri- 
ous  naturalift.  As  there  are  no  vacuums,  no  attradlions, 
no  repulflons  in  the  human  frame,  but  all  is  carried  on  by 
the  impreflion  of  material  forces^  there  is  no  reafon  to  con¬ 
clude  that  thefe  imaginary  principles  (for  fuch  I  fhall  prove 
them  t;o  be)  prevail  in  the  planetary  regions;  but  rather, 
that  all  things  are  conducted  by  a  like  method  even  there 
alfo. 

The  parallel  now  before  us  will  ferve  to  detedl  the  weak- 
nefs  of  that  common  argument  againfl:  a  plenum,  and  a  me¬ 
chanical  agency,  which  is  drawn  from  the  doctrine  of  refijl- 
ance.  Some  learned  men  are  of  opinion,  that  if  the  {y'ftem 
of  the  world  were  full  of  matter,  a  planet  muft  very  loon 
lofe  its  motion.  But  this  argument  will  make  a  very  indif¬ 
ferent  figure  when  applied  to  the  human  body.  There,  I 
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/  think,  we  have  a  plenum  iiiidifputed ;  and  the  blood,  once 
in  motion,  is  refifted  by  every  artery  in  the  body  ;  the  fum 
total  of  which  refiftance,  as  Borelli  ^  has  computed  it,  is 
almoft  incredible.  He  makes  it  equal  to  i8o,oooZ^.  Yet 
this  involuntary  motion  continues  without  any  diminution 
of  it’s  velocity,  till  the  machine  is  quite  worn  out,  or  till 
the  providence  of  God  is  pleafed  to  put  a  flop  to  it  by  fome 
(horter  method. 

Can  any  man  think  he  impofes  an  unfurmoun table  dif¬ 
ficulty  upon  God,  becaufe  he  can  prove,  that  the  fluids  of 
the  human  body  muft  meet  with  a  refiftance  to  their  mo¬ 
tion  ?  Muft  the  frame  of  man  be  turned  into  a  vacuum 
upon  this  account  ?  the  fadl  itfelf  is  a  fufficient  anfwer  to  all 
fuch  pretences.  And  if  the  blood  is  not  ftopt  in  its  circu¬ 
lation  by  the  refiftance  of  the  folids,  why  fhould  the  refift¬ 
ance  of  a  fluid  flop  the  circulation  of  a  planet }  for  doubt- 
lefs,  if  the  divine  wifdom  hath  contrived  a  way  to  overcome 
this  refiftance  in  one  inftance,  it  may  in  another ;  and  the 
argument  for  a  vacuum,  deduced  from  the  necejfuy  for  fuch 
a  thing,  will  be  very  weak  and  inconfequential.  But  of  this, 
more  hereafter. 

T o  induce  us  wholly  to  give  up  the  affair  of  mechamfm^ 
the  author  of  the  papers  agaihft  Mr.  Leibnitz  has  added 
the  following  confideration.  That  things  (fays  he)  could 
not  be  at  jirfl  produced  by  mechanifm^  is  expreffly  allow- 
ed  :  and  when  this  is  once  admitted,  why  after  that  fo 
‘‘  great  concern  fhould  be  fhewn  to  exclude  Gods  aEiual  go- 
vernment  out  of  the  world  &c.  I  can  no  way  con- 
‘‘  ceive.”  + 


*  De  Mot.  Animal.  P.  H.  prop,  LXXIII. 


f  Ibid.  p.  365. 
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^  We  have  an  ambiguity  here  in  the  terms,  which  ought 
to  be  removed.  For  if  by  produced  he  means  created^  no  fober 
man,  I  fuppofe,  will  difpute  that  point  with  him ;  it  being 
certain,  that  creation  was  no  work  of  mechanifm,  but  a  pure 
ad;  of  the  will  and  omnipotence  of  the  creator.  If  by  pro- 
duSiion^  he  means  that  formation  of  terreftrial  fubftances, 
plants,  and  animals,  which  was  fubfequent .  to  the  ad  of 
creation^  it  is  certain,  that  in  that  formation  and  dilpolition 
of  God’s  works  fome  material  agents  were  employed,  even 
the  fame  that  operate  to  this  very  day.  The  natural  agency 
now  in  difpute,  was  the  firfl  article  God  thought  proper  to 
fettle  in  the  difpofition  of  the  world  :  air^  lights  and  the 
firmajnent  of  heaven^  were  firfl:  prepared  and  put  into  ac¬ 
tion  :  after  that  the  formation  of  all  other  things  followed 
in  their  proper  place. 

If  Dr.  Clarhe  could  have  fhewn,  that  trees  and  plants 
were  made  to  grow  before  there  was  any  light  or  air  to  be 
inftru  mental  in  the  procefs,  he  had  done  fomething  to  the 
purpofe :  but  as  far  as  we  can  learn,  his  fcheme  of  philo- 
ibphy  agrees  no  better  with  the  origin  of  nature,  to  which 
he  here  appeals,  than  with  the  prefent  frame  and  conftitution 
of  it./ 

A  s  for  excluding  God's  governnmit  out  of  the  world ^  if 
that  was  the  defign  of  Mr.  Leibnitz^  ■  he  mufl:  anfwer  for  it. 
But  it  can  never  follow”,  that  if  a  fecond  caufe  be  interpofed, 
the  firfl  caufe  is  for  that  reafon  excluded :  no  man  would 
be  fo  weak  as  to  affirm  that;  becaufe  every  fecond  caufe,  as 
fuch,  muft  depend  upon  the  firjl.  The  author  therefore  has 
thought  proper  to  call  it  an  aBual  government ;  w”hich 
mufl:  mean  either  immediate  or  reah  If  he  maintains,  that 
the  agency  of  the  divine  eflence  is  immediate  in  the  produc¬ 
tion  of  natural  effeds,  which,  in  the  judgment  of  fome,  is 
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the  grand  arcanum  of  the  modern  mathematical  philofophy, 
it  is  incumbent  upon  him  firfi:  to  prove,  that  no  fecond 
caufc,  created  eflence,  or  material  age7it  is  fitted  for  the 
purpofe ;  which  inftead  of  being  proved  is  hitherto  taken 
for  granted.  If  he  means,  that  the  real  government  or 
providence  of  God  is  excluded ;  neither  will  it  follow,  that 
his  government  is  lefs  real^  becaufe  he  rules  the  world  by 
natural  caufes  under  the  direction  of  himfelf  the  fupreme 
caufe.  If  this  be  a  neceflary  confequence,  the  fcripture  it- 
felf  is  chargeable  with  it ;  and  where  it  inftrudls  us,  that  the 
fun  is  made  to  rule  over  the  day^  it  muft  infinuate,  that  the 
providence  of  God  does  not  rule  over  the  world. 

When  we  fpeak  of  mechanical  caufes  as  doing  any  thing 
in  the  world,  Dr.  Clarke  will  immediately  take  us  up,  and 
conclude  they  are  to  do  it  of  themfelves  independent  of 
the  divine  power  and  wifdom  \  which  opinion  Mr.  Leibnitz^ 
with  whom  he  was  dilputing,  had  expreflly  difclaimed.  For 
my  own  part,  I  adhere  only  to  the  7natter  of  faSi ;  and  that 
I  know  will  bear  me  out  againft  all  the  metaphyfical  fubtil- 
ties  in  the  world.  But  if  the  reader  fhould  be  diftrefled  with 
any  doubts  in  this  matter,  only  let  him  remember  that  mat¬ 
ter  ads  upon  matter,  not  by  an  ejfential  but  a  mechanical 
power  i.  e.  by  its  motion :  for  in  the  natural,  as  in  the  mo¬ 
ral  world,  we  hold  that  there  is  no  power  but  of  God,  If 
this  diftindion  be  attended  to,  all  that  has  been  fb  induftri- 
oufly  written  in  defence  of  i7n7naterial  impulfes  in  a  meta- 
phyfcal  way  by  the  author  of  the  enquiry  into  the  nature  of 
the  hmnan  foulj  falls  to  the  ground  without  any  particular 
confutation. 

♦  JbU. 


CHAP. 

I 


Of  nature. 


23 


CHAP.  in. 

An  Anfwer  to  a  phyjical  objeEiion  from  Sir  Ifaac  Newton. 

1M  E  E  T  with  a  third  objedlion,  which  may  be  properly 
termed  a  phyfical  one,  and  deferves  a  particular  conli- 
deration.  “  I  have  explained  ( fays  Sir  Ifaac  Newton  in  the 
fcholium  generate  at  the  conclufion  of  his  principia J  the 

‘‘  phoenomena  of  the  heavens  and  fea  by  the  force  of  gravity 
“  —  which  a6ls,  not  proportionably  to  the  fur  faces  of  the 
particles  it  ads  upon,  as  mechanical  caufes  ufe  to  do,  but 
in  proportion  to  the  quantity  of  folid  matter ^  The  fame 
thing  is  fomewhat  differently  exprefled  by  Dr.  Clarke^  in 
his  notes  on  Rohault\  phyfics.  “  There  are  innumerable  phoe- 
‘‘  nomena  of  nature,  and  elpecially  that  principle  of  gravi- 
“  tation  in  all  matter,  which  cannot  poffibly  arife  from  the 
«« impulfe  of  bodies ;  for  all  impulfe  is  in  proportion  to  the' 
furfaces ;  but  gravity  is  always  anfwerable  to  the  quantity 
‘‘  of  folid  matter ;  therefore  gravity  muft  be  attributed  to 
‘‘  fome  caufe  which  can  penetrate  the  inmoft  fubftance  of 
‘‘folid  matter.”  P.  I.  c.  ii,  &  15. 

A  perfon  who  is  tolerably  converfant  with  the  writings  of 
Sir  Ifaac^  would  naturally  apprehend,  that  this  affertion  of 
Dr.  Clarke  is  not  confiftent  with  them.  He  has  plainly  de¬ 
clared,  that  “  what  he  calls  attraEiion  may  poffibly  arife 
“from  impulfe^  Dr.  Clarke  on  the  other  hand  affirms,^ 
that  the  fame  attraEiion  of  gravity  cannot  arife  from  impulfe^ 
though  Sir  Ifaac^  whofe  philofophy  he  was  defending,  has 
granted  the  poffibility  of  fuch  a  thing.  There  muft  either 
be  a  flat  contradidion  between  them,  or  fome  diftindion  is 

\  wanted 


24  On  THE  MECHANISM 

wanted  with  regard  to  the  word  itnpulfe^  for  the  clearing 
up  of  this  difficulty.  The  fecret  then  lies  here  \  the  im- 
pulfe  which  Dr.  Clarke  denies,  is  corporeal  impulfe,  and 
fhould  arife  from  the  adion  of  fome  impelling  matter: 
whereas  that  which  Sir  Ifaac  Newton  allows,  is  incorporeal 
if  his  Commentator  Dr.  Clarke^  who  muft  be  fuppofed  to 
have  known  his  mind,  has  not  mifunderftood  him  \  for  thus 
he  has  expounded  the  paflage  —  fieri  fiane  potefl  ut  ea  ejfi- 
ciatur  impulfiu  (noit  utique  corporeo* )  “It  may  be,  that  this 
“  (attradion)  is  the  effed  of  impulfie^  but  this  impulfe  is  not 
“  corporeal 

The  confequence  which  every  intelligent  reader  will  draw 
from. this  dodrine  of  incorporeal  impulfies^  gave  Mr.  Leibnitz 
and  others  occaiion  to  charge  the  Newtonian  hypothefis  with 
the  impiety  of  making  God  the  fioul  of  the  worlds  as'  the 
heathens  of  old  did.  But  this  matter  is  not  now  before  me : 
our  bufinefs  at  prefent  is  to  coniider  the  force  of  this  objedion 
fo  far  only  as  it  is  phyfical.  It  is  in  fad  no  more  than  this  — 
mechanical  caufes  ufe  to  ad  in  proportion  to  the  furfaces; 
but  the  caufe  of  gravity  ads  in  proportion  to  the  quantity 
of  folid  matter;  therefore  that  caufe  cannot  be  mechanical. 

Thus  much  is  certain,  that  every  mechanical  caufe, 
which  is  not  fubtile  enough  to  penetrate  the  contexture  of  a 
folid  body,  will  be  ftopt  at  the  furface ;  and  the  adion  or 
force  of  fuch  a  caufe  will  be  proportionable  to  the  furface. 
If  there  were  in  nature  no  other  mechanical  caufes,  but  fuch 
as  ad  upon  the  furface,  and  it  could  be  fairly  made  out, 
this  objedion  would  be  unanfwerable.  It  ought  to  have  been 
proved,  that  there  really  are  no  other ;  at  leafl:  it  fhould 
have  been  attempted :  yet  as  far  as  I  can  find,  it  hath  not ; 
and  I  think  it  never  will  be  for  the  two  following  reafons. 

*  Ubi  fitpra. 
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First,  becaufe  there  may  be  in  fome  cafes  an  impelling 
matter,  which  is  too  fubtil  for  the  obfervation  of  our  bo¬ 
dily  fenfes :  and  to  conclude  that  there  can  be  no  material 
agency,  where  it  does  not  difcover  itfelf  to  the  organs  of  the 
body,  is  rather  too  hafty.  If  the  parts  of  man’s  body -were 
of  the  fubftance  of  tron^  and  put  together  in  the  fame  man¬ 
ner,  he  would  probably  feel  the  caufe  of  magnetifm^  as 
plainly  as  he  now  perceives  the  heat  of  the  fun’s  rays,  or 
the  blowing  of  the  wind  againft  his  face  :  but  then  it  would 
be  of  fmall  ufe,  to  lofe  the  motion  of  the  joints,  and  re¬ 
ceive  a  polar  diredion  in  the  body,  merely  for  the  fatisfac- 
tion  of  feeling,  that  the  caufe  of  magnetifm  is  material  and 
mechanical  \  which  perhaps  may  be  dilcovered,  to  as  much 
fatisfadion,  by  a  more  advantageous  method. 

M  Y  fecond  reafon  for  believing  that  we  are  to  exped  no 
proof  of  this  negative  comes  a  little  clofer  to  the  point ;  and 
it  is  this,  that  the  oppofite  affirmative  is  evident  from  a  great 
variety  of  experiments ;  there  being  in  nature  fuch  mecha¬ 
nical  caufes,  as  are  able  to  penetrate  the  folid  bulk  of  bo¬ 
dies,  and  whofe  adion  extends  to  every  fingle  particle'  of 
which  they  are  compofed.  The  rays  of  light  can  pafs  as  ea- 
'  fily  through  the  folid  fubftance  of.  glafs,  if  not  more  fo,  than 
through  the  open  air':  and  it 'is  plain,  their  effed  on  bo¬ 
dies  is '  not  regulated  by  the  exterior  furfaces,  ’  becaufe  an 
hollow  bubble  of  glafs  hath  the  fame  exterior  furface,  whe¬ 
ther  it  be  empty,  or  filled  with  water ;  yet  the  light  is  well 
known  to  take  a  different  courfe  through  it  in  thefe  two 
cafes.  If  a  leaf  of  gold  ‘  be  held  up  between  the  eye  and 
the  fun’s  rays,  they  are  not  ftopt  by  the  furface  of  it,  as  a 
blaft  of  air  would  be',  but  pafs  its  fubftance  with  great  eafe, 
and  appear  as  a  beautiful  green  colour  on  the  backfide  of 
the  leaf.'  The  eledrical  fi.re,  when  p'ut  in  motion,  will  pafs 
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off  in  a  - ftream  through  the  denfeft  bodies,  and  can  penetrate 
the  inmojl  fitbjlance  of  their  folid  matter :  the  influence 
therefore  of  fuch  a  material  caufe  will  neither  be  confined 
to  the  furfaces,  nor  be  proportionable  to  them  ;  and  I  am 
willing  to  think,  that  if  Sir  Ifaac.  had  lived  to  fee  fome 
wonderful  effeds  of  this  fluid,  difcovered  for  the  moft  part 
fince  his  death,  he  would  have  enlarged  his  notions  very 
much  with  regard  to  the  natural  power  and  extent  of  me- 
chanifm. 

There  is  hardly  a  motion  in  nature,  which  this  fluid, 
when  applied  by  a  diligent  experimentalift,  is  npt  capable 
of  producing.  It  will  give  a  reEiilinear  motion  in  all  di- 
redlions ;  will  produce  the  motions  of  rotation  and  revolu¬ 
tion^  as  a  common  fire  will  alfo  do.  It  will  keep  a  body 
fufpended  at  a  certain  diftance  in  the  air,  without  any  vifi- 
ble  caufe,  and  make  it  turn  fwiftly  on  its  axis.  It  will  ac¬ 
celerate  vegetation,  increafe  the  motion  of  the  blood  in  the 
arteries,  raife  water  into  tides ;  and  in  a  word  will  fhew 
itfelf,  as  a  natural  mfirument^  to  be'  little  lefs  than  all-fuf- 
ficient.  Again ;  co^nmon  fire  is  a  fluid,  whofe  impulfe 
reaches  to  the  folid  parts  of  bodies.  A  folid  ball  of  iron  will 
conceive  a  greater  quantity  of  fire,  and  be  longer  in  parting 
with  it,  than  an  hollow  fhell  of  the  fame  diameter.  Water 
is  enlarged  in  its  dimenflons  by  the  entrance  of  fire  into  it ; 
hot  water  being  fpecifically  lighter  than  cold :  and  it  is  en¬ 
larged  fo  equally  throughout  the  whole  fubftance  of  the 
fluid,  that  it  is  certain  the  fire  muft  agitate  every  one  of  its 
folid  particles,  and  by  prefling  againft  them  in  all  diredions, 
remove  them  farther  afunder. 

From  thefe  and  many  other  experiments  open  to  com¬ 
mon  obfervation,  it  mufl:  appear  to  every  unprejudiced  phi- 
lofopher,  that  nature  is  furnifhed  wit;h  a  mechanical  caufe, 
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whole  a<5tivity  is  not  confined  to  the  furfaces  of  bodies,  but 
extends  to  their  conftituent  parts,  that  is,  to  their  quantity 
of  /olid  matter. 

The  fagacity  of  Sir  Ifaac  Newton  could  not  well  over¬ 
look  this ;  and  he  feems  to  have  apprehended  fuch  a  thing, 
having  affirmed  no  more,  than  that  mechanical  caufes  ufe 
to  ad:  in  proportion  to  the  furfaces :  but  unlefs  they  always 
do  fo,  by  a  neceflary  and  invariable  rule,  the  inference,  that 
gravity  cannot  be  the  effed:  of  fuch  a  caufe,  is  of  no  force 
at  all.  And  there  is  good  encouragement  to  think,  that 
gravity  not  only  7nay  be  the  effed:  of  a  material  caufe,  but 
that  it  really  is  fo ;  and  that  this  caufe  might  poffibly  be 
pointed  out,  and  proved  by  experiment.  But  I  muft  re¬ 
member,  that  I  am  not  now  accounting  for  the  difficulties 
in  natural  philofophy,  but  only  removing  thofe  objed:ions, 
which  lie  in  the  way  to  a  phyfical  folution  of  them. 

There  is  2, phyfico-jnathematkal  argument  of  fbme  weight, 
which  ought  to  be  confidered,  before  I  conclude  this  chap¬ 
ter.  It  hath  been  objeded,  that  gravity  cannot  be  owing 
to  any  mechanical  caufe,  from  the  manner  in  which  fuch 
caufes  are  obferved  to  produce  their  effed. 

Thus,  for  example,  when  a  fhip  is  put  in  motion  be¬ 
fore  the  wind,  the  velocity  of  the  wind,  with  refpeEl  to  the 
fhip,  will  be  lefs  when  the  fhip  has  acquired  Jome  motion^ 
than  when  it  was  at  reft;  therefore  the  accelerations  in  equal 
moments  of  time  will  be  unequal.  After  the  firft  impulfe, 
the  acquired  velocity  of  the  body  will  be  fubduding  more 
and  more  from  the  relative  velocity  of  the  fluid  ;  on  which 
account,  the  accelerations  in  equal  times  will  be  lefs  and 
lefs,  till  the  reliftance  the  body  meets  with  in  its  motion, 
becomes  a  ballance  to  the  force  that  moves  it ;  at  which  point 
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the  accelerations  wholly  ceafe,  and  the  £hip  thenceforward 
goes  on  with  an  equal  pace. 

This,  it  mufi;  be  confeffed,  is  very  different  from  the 
manner  in  which  tlie  caufe  of  gravity  produces  its  effedl : 
for  this  caufe,  whatever  it  may  be,  acis  incejj'antly  cr  conti- 
97uallyy  a?id  with  the  fame  force  upon  a  body  that  is  already 
in  motion^  as  upon  a  body  that  is  at  ref ;  which  appears  from 
he?ice^  that  it  produces  equal  accelerations  in  falling  bodies  in 
equal  twtes,  ^ 

This  property  of  gravity  is  manifefk  from  fome  abftradled 
mathematical  reafoning,  which  Galilceo  confirmed  by  expe¬ 
riment.  If  a  body  fhould  continue  to  fall  during  the  fecond 
moment  of  time,  with  the  velocity  it  had  acquired  at  the 
end  of  the  firft  moment ;  it  ought  to  fall  twice  as  far  in  the 
fecond ‘moment,  as  it  did  in  the  firft.  But  it  is  obferved  to 
fall  thrice  as  far ;  therefore  it  has  derived  from  its  caufe  in 
this  fecond  moment,  another  third  quantity  of  motion,  equal 
to  what  it  derived  from  it  in  the  firft.  And  this  law  it  will 
continue'  to  obferve  in  all  the  fucceeding  moments,  fo  far  as 
human  obfervation  is  able  to  follow  it. 

According  to  the  received  principles,  this  argument,  as 
here  ftated,  bears  very  hard  upon  the  mechanifm  of  gravity. 
What  I  have  to  offer  againft  it  is  this  —  that’  the  accelera¬ 
tions  of  a  body,  moved  by  wind  or  water,  are  continually 
decreafing  only  upon  this  accoutU  —  becaufe  the  velocity  of 
the  body,  after  the  firft  impulfe,  approaches  fenfbly  nearer 
to  the  velocity  of  the  fluid.  If  the  velocity  of  the  fluid 
fhould  be  fb  great,  that  the  velocity  of  the  body  fhall  bear 
no  fenfble  proportion  to  it,  the  objedlion  will  vanifh.  And 
this  obferv^ation^  J  humbly  apprehend,  is  applicable  to  the 
caufe  of  gravity.  For  if  that  effedl  is  owing  to  any  phyfcal 

*  Mnclaur-nh  Phil.  Difcov.  p.  241. 
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caiifc,  it  will  in  all  probability  prove  to  be  the  fame  with 
that  which  produces  fuch  wonderful  effedts  in  eledricity  ; 
the  velocity  of  which,  is  not  to  be  meafured  in  any  trials  we 
are  able  to  make  upon  it ;  and  for  ought  W’e  know,  may 
be  as  great  as  that  of  the  light  in  its  progrefs  from  the  fun 
and  planets :  fo  that  the  velocity  of  a  falling  body,  as  far  as 
experiments,  have  gone,  will  bear  no  lenlible  proportion  to  it. 
Therefore  the  efled  ought  to  be,  fuch  as  it  is  found  to  be. 

-  Mr.  Maclaurm^  from  whom  I  have  borrowed  this  ob-^ 
jedion,  mentions  it  in  very  few  words,  and  lays  no  great 
ftrefs  upon  it.  He  thought  it  improper  to  determine  any 
thing  from  hence  concernmg  the  cauje  of  gravity  And  he 
feems  to  have  judged  rightly :  for  whoever  {ball  hence  de¬ 
termine,  that  its  caufe  is  not  mechanical^  will  undertake  the 
proof  of  a  very  extraordinary  ?iegative\  fuch  as  muft  imply, 
that  he  is  a  com  pleat  mafter  of  all  natural  fcience,  acquaint¬ 
ed  with  the  utmofl:  extent  and  power  of  thofe  mechanical 
caufes,  w’hich  were  contrived  and  eftablilbed  by  a  wifdom 
that  comprehendeth  all  things.  '  ' 

*  Ibid.. 


CHAP.  IV. 

An  Examination  of  the  Argument  for  a  vacuum.^  deduced 
from  ref  fiance  and  the  vis  inertice  of  bodies. 

WE  are  now  arrived  at  that  part  of  the  fubjed,  where 
all  the  admirers  of  demonfir apon  will  exped  to  fee 
me  drop;  that  is,  to  the  dodrine  of  a  vacuum^  arid  the 
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theory  of  rejijtances^  upon  which  it  is  founded.  The  learned 
gentlemen,  who  objedt  to  the  fort  of  philofophy  I  am  now 
recommending,  know  very  well  without  being  reminded  of 
it,  that  if  they  have  proceeded  without  evidence  in  this  mat¬ 
ter,  their  whole  fabric  falls  to  the  ground  without  farther 
trouble :  and  if  I  cannot  fhew  that  they  have,  I  am  willing 
to  own,  that  all  I  have  yet  faid,  or  fhall  hereafter  fay,  muft 
in  their  opinion  go  for  nothing. 

Allowing  then  that  there  is  a  vacuum  or  void  fpace  in 
the  world,  their  argument  is  very  fhort,  and  will  ftand  thus 
—  bodies  are  obferved  to.  have  motion  in  fuch  a  fpace  ;  but 
that  motion  cannot  be  the  effedt  of  any  material  caufe,  no 
fuch  caufe  being  prefent  to  them. 

Should  we  fuppofe  this  to  be  true,  what  a  confufed  and 
heterogeneous  mixture  of  folutions  will  it  neceffarily  intro¬ 
duce  into  all  our  phylical  difcourfes  ?  That  God  does  in 
many  cafes  govern  the  world  by  material  agents,  and  con- 
ferve  the  motion  of  bodies  by  the  activity  of  fecondary  caufes, 
*  is  beyond  difpute.  The  fupport  of  animal  life  by  breathy 
the  motion  of  a  fhip  before  the  wind^  of  the  fap  in  vege¬ 
tables  at  the  approach  of  the  fun’s  light,  of  the  mercury  in 
a  barometer  by  the  preffure  of  the  air^  of  the  fluid  in  a  ther¬ 
mometer  by  the  expanding  power  cf  fre^  of  bodies  impelled 
and  driven  off  again  by  the  flux  and  reflux  of  eleEtrical  ce- 
ther^  with  innumerable  other  phoenomena  of  nature,  all  con- 
fpire  to  eftablifh  this  plain  truth.  And  if  it  be  an  axiom  in 
phyfics,  that  more  caufes  are  not  employed  where  fewer  will 
fuffice,  how  comes  it  to  pafs,  that  thofe  agents  which  con- 
fefledly  minifter  to  fo  many  and  great  effeds,  are  not  fufii- 
cient  for  the  producing  of  all  ?  fl:iail  we  allow,  that  God 
governs  the  world  by  a  fubordinate  agency  and  mechanifm 

in  fome  cafes,  where  that  agency  appears  to  us ;  and  deny 
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it  in  others,  merely  becaufe  vve  have  loft  fight  of  it,  or  be- 
caufe  it  would  make  againft  us  ?  a  philofophy  that  labours 
under  this  difficulty,  and  is  one  while  working  with  a  ma- 
terial  caufe,  and  in  the  next  breath  with  an  immaterial  one, 
be  it  ever  fo  ingenioufly  put  together,  will  after  all  be  liable 
to  this  grand  exception,  that  at  beft  it  is  inmiftjient^  and  un¬ 
worthy  of  God.  Every  body  muft  fee  and  know,  that  there  * 
are  material  caufes  a<fting  in  the  world ;  and  he  that  denies 
it,  muft  deny  his  fenfes.  If  thefe  caufes  are  not  fufficient 
to  perform  all  the  ftated  operations  of  nature,  then  the  crea¬ 
tor  hath  made  ufe  of  fuch  means,  as  are  not  proportionable 
to  the  end.  If  the  Creator  himfelf  performs  them  by  the 
immediate  agency  of  his  own  fubftance,  then  is  there  no 
need  of  any  other  caufes ;  they  are  all  fuperfluous.  But  that 
there  are  other  caufes  is  abundantly  evident ;  therefore  they 
muft  be  capable  of  anfwering  their  end,  and  every  material 
effeeft  will  be  immediately  owing  to  a  material  caufe.  What 
I  here  fay  is  grounded  on  this  rcafonable  pojlulatum^  if  it 
may  not  rather  be  called  an  axiom^  that  the  wifdom  of  God 
is  conjijlent  with  itfelf  in  its  operations ;  and  that  he  wants 
neither  power  nor  fkill  to  avoid  the  error  of  inconfiftency : 
grant  but  this,  and  the  argument  amounts  to  a  demo7iJlra- 
tion,  I  muft  confefs,  it  appears  to  me  to  be  fo  unanfwer- 
able,  that  if  I  could  not  take  off  the  pretended  evidence 
for  a  vacuum i  I  fhould  neverthelefs  be  fatisfied,  that  it  was 
a  fophifm,  and  impute  its  whole  force  to  a  want  of  fkill  in 
myfelf  to  lay  open  and  deteeft  the  fallacy  of  it.  And  now 
let  us  proceed  to  give  it  a  particular  confideration. 

I  HAVE  a  manufeript-paper  by  me  from  a  learned  and  in¬ 
genious  gentleman  of  Ca77ibridge^  wherein  the  argument  for 
a  vacuufTi  is  ftated  very  clofely  ;  and  he  will  not  be  offended 
with  me,  if  I  take  the  liberty  of  fetting  it  down  in  his  own 
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^words ;  for  I  know  how  to  honour  a  man  of  parts  and  dili¬ 
gence,  though  we  may  happen  to  differ  in  fome  of  our  fen- 
timents. 

“You  will  hardly  (fays  he)  deny  the  vis  inertice  of  mat- 
“  ter,  which  Sir  Ifaac  Newton^  and  every  author,  but  the 
“  materialijls  think  demonftrably  elfential  thereto,  and  pro- 
“  portionable  to  its  quantity ;  and  therefore,  that  it  muft 
“  hold  equally  in  the  moft  fubtil  cether^  as  in  the  groffeft 
“  matter.  Hence  it  follows,  from  the  differ e7it  degree's  of  re- 
“  fjla72ce  to  bodies  moving  in  different  mediums,  that  equal 
“  portions  of  different  mediums  contain  different  degrees  of 
“  vis  inerticB^  and  confequently  different  quantities  of  77tatter. 
“  But  how  can  different  quantities  of  matter  he  contained  in 
“  equal  bulks,  without  fuppofing  vacuities,  at  leaft  in  one 
“  of  them  ?  No  fubtil  cether,  pervading  the  pores  of  the 
“  groffer  medium,  will  folve  the  difficulty  ;  becaufe  fuch  an 
“  aether  muft  itfelf  be  7nore  porous  than  the  groffer  medium, 
“  elfe  through  its  vis  inertice  it  would  caufe  an  equal  degree 
“  of  reftfance,  contrary  to  fad:  and  experience.  Now  what 
“  can  this  porofity  of  the  aether  be,  but  interfitial  vacuities  f 
“  muft  we  invent  another  aether  to  pervade  the  pores  of  the 
“  former,  then  another,  and  fo  on,  till  all  the  pores  be  fill- 
“  ed  ?  But  this  only  drives  us  again  upon  the  difficulty  we 
“  have  been  endeavouring  to  fhun  ;  namely,  that  all  bodies 
“  are  equally  denfe,  and  ought  equally  to  refef  the  7notion  of 
“.other  bodies  through  them.  This,  allowing  the  vis  mer ties 
“  of  matter  to  be  effentially  proportionable  to  its  quantity, 
“  is  a  friSi  deTnonf  ration  of  an  interftitial  vacuu7n :  and 
“  therefore  difficulties  ftarted  againft  it,  though  we  could  not 
“  folve  them,  ought  not  to  move  us.” 

V/  E  are  now  poffeffed  of  the  objedion  in  its  full  force. 
All  matter,  from  its  vis  inertice,  or  a  natural  indifpofition 
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to  change  its  place/ muft  give  a  refiftance  to  motion  in  pro¬ 
portion  to  its  quantity :  and  as  we  find  a  different  degree  of 
refiftance  to  bodies  moving  in  different  mediums,  there  muft 
be  different  quantities  of  matter  in  equal  fpaces ;  and  con- 
fequently  there  is  juft  fo  much  more  of  vacuum,  or  abfence 
of  matter,  in  one  of  the  fpaces,  as  there  is  lefs  of  refiftance : 
where  there  is  no  rejijiance^  there  will  be  no  7natter :  fo  that 
we  muft  either  correcft  the  modern  do<ftrine  of  the  vis  iner-- 
tice^  or  allow  this  to  be,  what  Sir  Ifaac  himfelf  hath  called 
it  —  demonjiratio  vacui.  As  the  vis  inertice  is  a  principle  of 
fo  much  confequence,  lam  obliged  to  enter  upon  an  expe¬ 
rimental  enquiry  into  the  nature  of  it ;  in  the  progrefs  of 
which,  I  think  it  will  appear,  that  fuch  an  enquiry  was  ne¬ 
ver  made  by  Sir  Ifaac  himfelf,  nor  by  this  ingenious  gentle¬ 
man  ;  who  will  find  he  has  taken  up  with  a  principle,  which 
he  never  gave  himfelf  the  trouble  to  examine.  For  after  all 
that  can  be  faid,  experiment  muft  be  the  teft ;  and  to  that 
I  fhall  appeal  for  the  truth  of  what  I  am  going  to  offer. 

W  E  find  then,  that  if  a  body  be  at  reft,  a  certain  force 
is  required  to  remove  it  out  of  its  place;  and  this  force  is 
fuppofed  to  be  neceffary  only  on  account  of  a  vis  inertice  in 
the  body :  for  which  reafon,  the  force  required  muft  in- 
creafe,  as  the  quantity  of  matter  increafes  in  the  body  to  be 
removed.  All  this  will  be  true,  if  the  vis  inerticz  is  true : 
but  it  is  contrary  to  facft.  Let  us  fuppofe  this  body  to  be  of 
a  pound  weight,  and  fufpended  by  a  line,  fo  that  on  occa- 
fion  it  may  vibrate  as  a  pendulum.  If  ybu  would  move  this 
body  in  a  direction  upward^  the  force  required  muft  be  fu- 
perior  to  a  pound  ;  if  fideway,  in  the  fegment  of  a  circle, 
of  which  the  point  of  fufpenfion  is  the  center,  a  much  lefs 
force  will  do  the  .bufinefs ;  and  this  force  being  the  true  in- 
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dex  of  the  vis  mertice^  if  that  be  found  to  alter,  though  the 
quantity  of  matter  be  ftill  the  fatne^  it  proves  that  the  vis 
mertioi  is  a  changeable  thing,  depending  on  fome  certain 
circumftances  which  muft  be  taken  into  the  account.  And 
it  will  appear,  that  if  you  can  calculate  the  force  which  the 
action  of  gravity  will  have  upon  the  body,  when  elevated  to 
any  angle,  you  will  then  know  what  force  is  requifite  to 
overcome  its  vis  inerti^e  or  indilpolition  to  motion. 

I F  the  fame  body  be  taken  in  the  hand  and  left  at  reft  in 
the  air,  no  force  at  all  is  required  to  put  it  in  motion  down-^ 
ward ;  for  the  caufe  of  gravity  immediately  fets  it  a  going 
in  its  proper  diredion.  So  that,  cceteris  paribus^  the  vis 
inertice  in  all  bodies,  being  more  or  lefs,  juft  as  you  concur 
with  or  contradid  the  adion  of  gravity  upon  them,  feems 
m  faSi  to  be  no  other  than  a  confequence  of  their  gravity. 

When  we  attempt  to  give  a  motion  to  a  body  different 
from  that  of  gravity,  we  find  it  already  pre-engaged  by  a 
determination  toward  the  earth’s  center  :  and  this  natural 
force  is  making  its  efl'ort  every  moment  againft  any  foreign 
force  that  can  be  applied  to  it ;  to  which  it  is  owing,  that 
projediles,  inftead  of  proceeding  in  a  ftrait  line,  defcribe  a 
parabolic  curve.  If  gravity  and  the  vis  inertia  were  things 
eflentially  different,  and  independent  of  one  another,  each  of 
them  muft  occaffon  a  reffftance  proportionable  to  the  quan¬ 
tity  of  matter ;  and  the  whole  reffftance,  as  difcoverable  by 
experiment,  would  be  the  fum  of  two  different  reffftances, 
the  one  proceeding  from  the  caufe  of  gravity,  the  other  from 
the  vis  inertia.  But  I  am  fully  perfuaded,  that  in  all  entire 
or  detached  bodies,  we  ihall  difcover  no  reffftance  to  a  change 
of  place,  but  juft  lb  much  as  ought  to  proceed  from  the 
-adion  of  gravity  upon  them,  and  no  more. 
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I F  this  be  true,  if  the  vis  inertice  be  only  the  confe-  ^ 
quence  of  another  principle,  two  corollaries  will  arife,  fuffi- 
cient  to  difpatch  all  the  argumentative  part  of  the  above- 
demonftration.  For  then  it  will  follow,  that  if  we  can  alter 
the  ftate  of  a  body  in  refpedt  of  its  gravity,  or  its  natural 
tendency  dowmvard^  we  fhall,  at  the  fame  time,  alter  its  ftate 
in  refpecft  of  its  vis  inertiae^  or  natural  indifpofition  to  move 
when  left  at  reft :  the  truth  of  which  will  appear  from  an 
eafy  experiment. 

Take  a  light  glafs  bubble,  and  load  it  inwardly  with 
mercury  or  any  other  heavy  fubftance,  till  it  is  precifely  of 
the  fame  fpecific  gravity  with  water.  This  done,  we  will 
fuppofe  it  to  weigh  two  ounces.  Let  it  now  be  fufpended  by 
an  hair  to  the  arm  of  a  ballance,  and  laid  at  reft  upon  a 
table :  if  you  would  raife  it  from  thence,  and  give  it  a  mo¬ 
tion  upward,  you  muft  charge  the  other  end  with  a  weight 
fome  fmall  matter  above  two  ounces  \  which  may  ftand  for 
the  force  requifite  to  overcome  its  vis  inertice.  Let  the  body 
then  be  placed  near  the  bottom  of  a  veflel  filled  with  wa¬ 
ter  ;  in  which  pofition  it  will  remain  at  reft  :  but  if  you 
would  now  give  it  motion  in  the  fame  diredion  as  before, 
it  may  be  done  with  a  fingle  grain,  that  is,  with  only  one 
thoufandth  part  of  the  force  required  in  the  former  cafe. 
The  rcafon  of  this  feeming  paradox  is  this ;  the  motion  gi¬ 
ven  does  really  coincide  with  that  of  gravity,  though  in  ap¬ 
pearance  it  contradicts  it.  For  the  body  being  of  equal 
weight  with  an  equal  bulk  of  water,  when  the  body  has  mo¬ 
ved  out  of  the  fpace  it  occupied  at  reft,  an  equal  bulk  of 
water,  through  the  adion  of  gravity  upon  it,  has  defcended 
into  that  fpace ;  and  if  we  put  looo  for  the  force  neceflTary 
to  raife  the  body,  and  lOoo  for  the  force  of  the  fubfiding 

E  2  water 


36  On  the  mechanism 

v/ater,  the  difference  between  thefe  two  leaves  a  remainder 
for  the  vis  inertue  =  o.  Some  quantity  however  indefi¬ 
nitely  fmall  mufl:  be  allowed  to  produce  an  inequality  be¬ 
tween  the  body  and  the  water ;  for  where  all  things  are 
equal,  no  motion  can  enfue.  But  how  much  the  vis  inertice 
has  to  do  in  this  experiment,  I  leave  to  be  determined  by 
better  judges,  when  they  have  confidered  it.  It  may  like- 
wife  be  added,  that  after  the  bubble  has  been  moved  by  a 
force  equal  only  to  a  Jingle  grain  through  a  Ipace^of  water 
equal  to  itfelf,  twice  as  ?nuch  tnatter  has  been  put  in  motion 
thereby,  as  would  have  been  moved  in  a  vacuum  by  a  force 
fomewhat  fuperior  to  two  ounces^  becaufe  the  bubble  has  dif- 
placed  a  quantity  of  water  equal  in  weight  to  itfelf ;  and  wa¬ 
ter  refijls  a  moving  body  nearly  a  thoufand  times  more  than 
air.  But  how  can  all  this  be  poffible,  if  an  indifpojition  to 
^notion  be  ejfentially  proportionable  to  the  quantity  of  mat¬ 
ter  ? 

My  fecond  corollary  applies  itfelf  diredlly  to  the  demon- 
ftration.  As  the  vis  inertice  is  a  neceffary  confequence,  of 
gravity,  if  there  be  any  fluid,  be  it  what  it  will,  which  ads 
as  the  caufe  of  gravity,  that  fluid  mufl:  itfelf  be  void  of  gra¬ 
vity,  confdered  as  an  effeSl^  and  confequently  of  that  refift- 
ance  which  has  been  afcribed  to  the  vis  inertice.  To  fay 
then,  that  the  vis  inertice  muji  hold  equally  in  the  mojl  fubtil 
cether  as  in  the  grojjefl  matter and  that  from  the  different 
degrees  of  weight  or  refiftance,  different  quantities  of  ^natter 
are  contained  in  equal  fpaces^  is  to  beg  the  queftion,  that 
gravity  has  no  material  caufe.  But  it  would  be  unfair,  to 
demonflrate  that  it  has  none,  merely  by  attributing  to  it 
fuch  a  property,  as  from  its  nature  and  office  it  cannot  pof- 
fibly  have. 
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I T  is  incumbent  therefore  on  all  thofe,  who  would  build 
a  philofophy  on  the  vis  inertiie^  fir  ft  to  fhew  us  what  it  is, 
and  to  prove  by  fome  experiment,  that  there  really  is  fuch 
an  original  principle  in  matter,  to  be  difcovered  apart^  and 
independe7it  of  every  other  principle  at  prefen t  eftabliflbed  in 
nature,  before  they  can  raife  from  it  one  fingle  conjecture, 
much  lefs  a  demonftration.  I  fay,  of  every  other  principle : 
for  a  refiftance  to  motion  may  be  occafioned  by  more  prin¬ 
ciples  than  one.  A  mafs  of  iron  or  ftone,  firft  examined 
with  refpect  to  the  principle  of  gravity^  then  to  that  of  co~ 
hejion^  or  the  application  of  its  conftituent  parts  to  one  ano¬ 
ther,  will  teach  us,  that  the  vohole  quantity  may  be  put  in 
motion  with  refpedt  to  the  earth’s  center,  much  more  eafily 
than  half  the  quantity  can  be  moved  with  refped:  to  the 
other  half :  fo  that  if  the  force  ^ with  which  fome  folid  bo¬ 
dies  cohere,  v/cre  to  take  place  in  matter,  as  univerfally  as 
gravity  now  does ;  we  might  compute  the  vis  inertice  to  be 
ten  thoufand  times  as  great  as  it  is,  becaufe  we  fhould  op- 
pofe  the  cohefion  of  bodies,  where  we  now  oppofe  their  gra¬ 
vity.  ,  •  '  .  ,  : 

Were  all  matter  at -reft,  and  the  adion  of  the  elements 
made  to  ceafe,  fo  that  not  a  fingle  particle  of  matter  fhould 
have  any  determination  to  one  fort  of  niotion  rather  than  to 
another,  that  would  be  the  time  to  make  an  experiment  on 
the  vis  inertice.  But  this  principle,  fo  far  as  it  is  fubjeded 
to  examination  under  the  prefent  oeconomy  of  the  world, 
is  a  thing  unfixed  and  confequential,  not  uniform  and  in¬ 
dependent,  as  the  mathematicians  have  fuppofed ;  whofe 
greateft  misfortune  it  hath  been,  not  to  confider  things  as 
they  are^  but  to  feign  an  arbitrary  and  abftraded  fiate  of 
matter,  and  thence  to  argue  upon  it  in  its  dependent  ftate ; 

when 


On  the  mechanism 


38 

when  they  are  really  more  difFerent,  than  the  ore  of  a  metal 
depofited  in  the  earth,  from  the  fame  metal  formed  into  the 
wheels  of  a  clock.  And  what  is  much  more  offenfive,  the 
fame  philofophy  which  has  given  to  matter  an  indifference 
to  motion  by  the  vis  inertice^  has  alfo  given  it  an  inclination 
to  motion  by  the  virtue  of  attra&ion  ;  both  of  them  inhe¬ 
rent  ( as  fhall  be  hereafter  flbewn )  in  the  fame  particles. 
The  former  of  thefe  does  indeed  feem  oppoiite  to  materia- 
lifm ;  but  the  latter  has  fo  ftrong  a  relifli  of  it,  that  a  friend 
to  the  principles  of  Spinoza  hath  blended  them  both  to¬ 
gether  And  even  Dr.  Derham^  an  undilguifed  and 
well-defigning  author,  has  granted  as  much  as  Epicurus 
himfelf  would  have  required  of  him.  It  was  his  opinion, 
that  in  the  JirJl  produEiion  of  matter the  great  author  of  all 
things  INSPIRITED  the  materials  of  which  the  world  con- 
fip  with  fuch  a7i  adtive  quality,  as  ferves  to  preferve  the 
globes  entire^  and  enables  them  to  revolve  about  their  centres,  + 
If  this  paifage  does  not  allow  to  matter  a  power  of  diredling 
itfelf,  and  conferving  its  own  motions,  I  know  not  what  to 
make  of  it.  But  it  is  no  concern  of  mine,  fo  I  return  to 
the  argument ;  leaving  it  to  thofe  who  pretend  to  have  re¬ 
nounced  materialifm^  to  reconcile  their  own  conjundl  doc¬ 
trines  of  inert  matter^  and  infpirited  materials  I  . 

*  See  the  Phyjical  paragraphs  in  a  piece  entitled  an  EJfay  on  Spirit. 

f  Aftro-theol.  p.  148.  ' 
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CHAP.  V. 

T^he  argument  from  refijlance  proved  to  be  an  abfurdity  \ 
-as  it  implies^  that  the  caufe  of  motiofi  muf  reff  the  7no- 
tion  which  it  caufes,  A  plain  experhnent  to  illufrate 
a7td  confirm  the  author  s  reafoning. 

r  I  H  U  S  much,  I  think,  may  fuffice  to  fhew,  that  the 
celebrated  demonftration  of  a  vacuum  has  fet  out 
wrong.  It  will  be  as  eafy  to  prove,  even  waving  all  that  has 
been  faid  on  the  vis  inerticCy  that  it  has  concluded  wrong ;  if 
the  relation  betwee7t  a  moving  body  and  a  refifting  medium  be 
rightly  underftood. 

W  H  E  N  a  pendulum  is  made  to  fwing  in  air^  water^  or 
mercury^  the  rehftance  it  meets  with  is  greater,  as  the  me¬ 
dium  is  denier  :  and  as  a  plenum  of  ^ther,  fuch  as  the  me¬ 
chanical  philolbphy  requires,  would  be  more  denfe  than  any 
other  fluid,  its  refiftance,  they  fay,  muft  be  greater  :  no 
motion  could  pofTibly  continue  in  it.  But  then  as  motion  is 
obferved  to  continue  in  the  heavens,  without  any  fenfible  di¬ 
minution^  there  can  be  no  refiftance  in  the  heavenly  fpaces, 
and  confequently  no  matter  of  fufficient  denfity  to  occafion 
it. 

This  was  Sir  Ifaac  Newton\  way  of  computing  refift- 
ances,  and  the  ufe  he  made  of  them  when  computed.  That 
we  may  fee  whether  this  docftrine  agrees  with  experience, 
lee  us  fuppofe  a  fhip,  with  its  fails  fpread,  to  be  in  motion 
before  the  wind :  every  body  muft  allow  me^  that  if  the 
wind  were  to  keep  its  direction,  and  the  fhip  to  have  an 
open  fea,  it  would  go  quite  round  the  globe*  and  for  the 
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fame  reafon  that  it  makes  one  revolution,  it  would  make 
another,  and  fo  on  ad  injifiitum.  Are  we  to  fay,  that  the 
air^  in  which  it  moves,  is  an  unrejijlmg  medtu7n  f  we  ought 
to  fay  this,  if  the  demon ftration  abovemen tioned  really  is 
what  it  pretends  to  be.  But  the  truth  is,  a  medium  may, 
m  its  nature^  be  a  relifting  one,  and  yet  in  faEi  give  no 
fuch  reliftance,  as  fliall  be  any  impediment  to  a  body  mov¬ 
ing  in  it.  For  let  any  perfon  tell  me,  how  much  refiftance 
the  fhip  receives  from  the  air  in  this  cafe  ?  the  anfwer  muft 
be,  —  lefs  than  none  :  the  reliflahce  here  is  a  negative  quan¬ 
tity  ;  and  the  fhip  is  fo  far  from  lojing  its  motion,  that  it 
is  continually  receiving  it,  as  it  pafles  through  the  air ;  yet 
it  would  be  falfe  to  .  affirm  of  air  in  general,  that  it  is  not  a 
refifting  medium.  As  to  the  water  the  fhip  fails  upon,  this 
being  not  the  caufe  of  its  motion,  will  ferve  to  retard  it'; 
but  as  the  continued  impulfe  of  the  air  behind,  is  fuperior 
to  the  fum  of  all  the  following  refiftances,  ift,  of  the  air 
before y  2dly,  of  the  water  the  Ihip  fails  upon,  and  sdly,  of 
,  the  caufe  of  gravity  which  is  continually  adling  upon  it ; 
the  motion  will  continue  notwit hftanding  thefe  impedi¬ 
ments. 

Were  it  to'  be  laid  down  as  a  general  rule  from  this 
particular  inftance,  that  water  refifts  motion,  but  air  does 
not ;  neither  will  this  coincide  with  experience.  A  cork,  or 
any  other  light  body,  thrown  upon  the  ftream  of  a  fluice 
or  floodgate,  will  be  carried  off  with‘  it ;  and  as  it  is  com¬ 
mon  for  a  conflderable  part  of  the  water  to  return  again  upon 
the  ftream  in  a  curve,  if  it  be  obftrudled  by  the  banks,  and 
have  but  a  narrow  outlet,  the  ‘  cork  may  come  about  with* 
it,  and  compleat  its  revolutions,  fo  long  as  the  caufe  conti¬ 
nues  to  3.6:  upon  it.  The  water  gives  no  more  refiftance  in 
this  cafe,  than  the  air  did  in  the  other  :  and  thus  it  will 

happen 
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happen  univerfally,  that  every  fluid,  where  it  is  the  caufe  of 
motion^  will  not  be  found  in  that  cafe  to  give  any  refjiancey 
be  its  quantity  of  matter  great  or  fmalL 

W E  are  now  prepared  to  return  to  the  pendulum.  If  it 
vibrates  in  air^  the  air  will  retard  its  motion ;  and  there  is 
a  good  reafon  why  it  fhould  do  fo,  for  air  is  not  the  caufa 
of  its  motion.  If  in  water^  neither  is  that  the  caufe  of  its 
motion ;  and  it  will  give  a  greater  reflftance  to  it  in  propor¬ 
tion  to  its  quantity  of  matter,  that  is,  in  proportion  to  the 
adlion  of  gravity  upon  it.  If  in  quickfilver^  it  will  meet  with 
a  ftill  greater  reflftance,  for  the  fame  reafons.  But  if  there 
be  any  elementary  asther,  adling  as  the  natural  caufe  of  gra¬ 
vity  in  bodies ;  it  is  juft  as  abfurd,  to  fearch  for  the  reflft¬ 
ance  of  fuch  a  fluids  from  the  motion  of  a  falling  body  \  as 
for  that  of  the  air^  from  the  motion  of  a  ftrip  that  fails  by 
it ;  or  for  that  of  water,  from  the  ir.otion  of  bodies  carried 
down  by  a  current  of  it.  If  one  philofopher  may  conclude, 
that  gravity  cannot  be  owing  to  any  material  fluid,  becaufe 
he  has  found,  that  this  fluid  does  not  reff  a  gravitatmg 
body ;  may  not  another  demonftrate  with  equal  truth,  that 
a  Ihip  cannot  fail  by  the  adlion  of  the  air  upon  it,  becaufe 
he  finds,  from  the  hiceft  obfervations,  that  the  air  does  not 
deprive  it  of  its  motion  ? 

Lest  the  reader  fhould  have  fufpedted  me  of  a  deflgn  to 
prejudice  him  beforehand,  and  to  injedt  fcruples  through  a 
want  of  better  arguments;  I  did  not  obferve  at  the  begin¬ 
ning  of  this  difquifltion,  that  Sir  Ifaac  had  drawn  two'op- 
pofite  conclufions  from  a  capital  experiment,  relating  to  the 
affair  now  before  us ,  but  it  will  be  proper  juft  to  mention 
it  in  this  place.  Having  caufed  an  empty  v/ooden  box  to 
vibrate  as  a  pendulum,  he  loaded  the  fame  box  with  77 
times  its  own  weight  of  metal ;  and  in  this  latter  cafe  found 
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the  motion  to  be  retarded  more  than  it  ought  to  have  been 
by  the  theory.  In  two  different  editions  of  his  philofophy, 
he  imputes  this  to  two  different  caufes,  without  the  leaff 
hint  or  apology  to  his  readers  for  fuch  an  important  change 
in  his  opinion.  In  that  of  1687  he  accounts  for  this,  from 
an  increafe  in  the  refijlafice  of  the  air^  occalioned  by  a  fwifter 
motion  in  the  heavier  pendulum  :  and  has  demonffrated 
elfewhere,  that  the  reliftance  of  a  fluid  to  a  body  moving 
in  it,  mufl;  increafe  in  a  duplicate  ratio  ^  of  the  body’s  velo¬ 
city  ;  but  this  conflderation  hath  no  place  here.  In  that  of 
1726,  he  imputes  this  fame  effecfl,  without  any  repetition 
of  the  experiment,  to  the  refiftance  of  a  fubtil  medium  a- 
gainft  the  folid  parts  of  the  inclofed  metal  \  and  mentions 
not  a  word  about  the  ref  fiance  of  the  air.  But  herein,  it 
feems,  he  corredled  his  philofophy  not  for  the  better,  it  be¬ 
ing  abfurd,  that  the  reflftance  of  a  fubtil  (ether  fhould  be 
dilcovered  in  fuch  a  cafe  as  this. 

This  great  man  feems  to  have  laid  it  down  as  the  foun¬ 
dation  of  thefe  conjedlures  (for  I  hope  they  are  not  both  de¬ 
monfir  ations)  that  an  experiment,  which  requires  machine¬ 
ry,  can  be  performed  abfolutely  without  fridion ;  the  con¬ 
trary  to  which  is  well  known  to  every  mechanic.  It  is  rea- 
fonable  to  think  therefore  that  the  fridion  between  the  hook 
and  ring,  on  which  his  pendplum  fwung,  mufl:  have  been 
fomewhat  increafed,  when  the  ball  was  loaded  with  a  weight 
77  times  greater  ;  and  the  difference  he  found,  was  no  greater 
than  might  arife  from  fuch  an  impediment,  though  the  in- 
ftrument  were  ever  fo  perfed.  It  is  hard  to  fay,  how  a  man 

*  The  reflftance  a  body  meets  with  from  a  medium,  is  as  the  velocity  of  the  body,  and  the 
fpace  of  the  medium  pafled  through  by  it,  multiplied  into  each  other.  But  that  fpace  will  al¬ 
ways  be  as  the  velocity ;  therefore  the  reflftance  is,  as  the  velocity  multiplied  into  itfelf,  that 
is,  as  the  fquare  of  the  velocity. 
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of  genius,  as  he  certainly  was,  could  throw  a  plain  experi¬ 
ment  into  two  fuch  different  fhapes,  neither  of  which  are 
agreeable  to  reafon.  Perhaps  he  thought  it  would  fuit  bet¬ 
ter  with  the  principles  he  was  endeavouring  to  eftabliCh,  not 
altogether  to  deny  the  exiftence  of  a  fubtil  sether,  as  he  did 
at  firfl,  for  that  would  have  been  too  much ;  but  rather  to 
enfure  his  philofophy,  and  keep  this  aether  from  breaking  in 
upon  his  lyftem,  by  imputing  to  it  a  degree  of  reftjiance. 
Whether  the  learned  will  confider  of  thefe  things,  I  cannot 
pretend  to  judge ;  in  time  perhaps  they  may :  but  for  a 
while,  I  prefume,  he  that  ventures  to  interpofe,  muft  be 
content  to  let  the  reproach  fall  upon  himfelf.  There  was  a 
time  when  men  had  given  up  their  underftandings  to  the 
logic  of  the  fchools  ^  and  the  quirks  of  A7''iJlotle ;  and  woe 
was  to  the  man,  who  dared  to  publifh  a  fufpicion  againft 
them.  That  fafhion  is  now  exploded,  and  we  are  all  en- 
flaved  to  the  pretences  of  a  mathematic  certainty.  But  if  the 
dodlrine  of  a  vacuum  is  really  weak  and  without  foundation, 
this  fafhion  will  have  its  period  like  the  former,  and  we 

*  I  will  give  a  fpecimen  of  their  manmr  pertinent  to  the  fubjeft  we  are  upon.  It  is  a  logi¬ 
cal  demcnjlration  of  a  vacuum,  extrafted  from  Lib.  4.  c.  6.  of  Arijlotle's  Phylics.  Ov  xv  ^d- 

UStn  ciyxf  Kiyriaii,  et  f/,71  «  Kiyey‘  r»  wX'ijje;  x'b'viXToy  etvetf  ei  Ktxj  SfJ  %y  tm 

xuTu,  See.  If  there  be  no  vacuum,  'there  can  be  no  loco-motion.  Ftr  a  /pace  already  full  cannot 
receive  any  thing  into  it ;  if  it  did,  there  vosuld  be  tvoo  bodies  in  the  fame  place  ;  vohich  is  an  abfur- 
dity  Some  of  his  Commentators  put  it  thus  —  probatur  aflumptio  ;  quia  corpus  quod  locum 
mutat,  "vel  inani  fpatio  excipitur,  vel  pleno :  fi  inani,  habetur  propofitum ;  fi  pleno,  fequitur 

duo  corpora  fefe  permeare  - -  “  ajfumption  is  thus  proved-,  becaufe  a  body  that  changes  its 

place,  is  received  el  her  into  a  fpace  full  of  matter,  or  into  one  that  is  empty  :  if  into  an  etnpty  fpace, 
the  point  is  proved",  if  into  a  full  fpace,  then  it  follcnm  that  Iclvo  bodies  viuji  penetrate  one  another’s  dt- 
menfons.”  And  Ariftotle  tells  us  of  one  Melifus,  an  ancient  fophift,  who  being  reduced  to  the 
laft  extremity  by  the  force  of  this  milerable  argument  and  determined  not  to  admit  a  vactium, 
denied  the  reality  of  motion,  and  held  the  univerfe  to  be  immoveable.  Had  this  philofopher 
trufted  to  experiments  inftead  of  logic,  he  might  have  filcnced  his  adverfaries  with  very  little 
trouble.  For  if  a  bullet  be  put  into  a  bottle,  quite  full  of  water,  and  clofe  llopt  down,  we 
have  a  fpace  filled  with  an  incomprefible  fuid-,  which  crnllitutes  as  good  a  plenum  as  need  be  de- 
fired ;  yet  upon  inverting  the  bottle,  we  find  the  bullet  can  move  from  the  top  to  the  bottem, 
or  from  one  fide  to  the  other,  as  freely  as  if  the  bottle  were  empty.  Does  it  move  into  au 
empty  fpace,  or  into  a  fuH  one  ?  why  truly,  into  neither ;  for  the  bullet  and  the  fluid  change 
places  with  one  another,  lb  that  the  motion  is  rrot  hindred,  though  the  fpace  is  always  full  of 
matter. 

Fa  fliall 
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fliali  be  reftored  again  to  the  enjoyment  of  our  philofophical 
rights  and  liberties. 

I T  appears  then,  that  the  vis  inertice  of  matter,  under 
th€  prefent  conftitution  of  natural  things,  is  no  fit  principle 
for  a  philofopher  to  begin  with  ;  and  that  even  fuppofing 
fuch  a  principle,  I  fay,  luppofing  fuch  a  principle,  yet  to  ar¬ 
gue  from  that  to  phyfical  caufes  is  an  abfurdity  :  tor  when 
any  fluid  matter  becomes  a  caufe  of  7not tony  the  cafe  is  quite 
altered  ;  and  its  refjlattcey  be  it  ever  fo  great  in  other  cafes y 
will  be  of  no  account  in  this.  The  gentlemen  who  have 
reafoned  from  this  principle,  have  never  once  attempted  to 
inquire,  what  will  be  the  cafe,  where  matter  gives  motion  to 
other  matter ;  but  taking  it  for  granted,  that  the  great  au¬ 
thor  of  nature  has  created  a  fet  of  elements,  for  no  Angle 
purpofe,  but  to  obftrucl  bodies  in  motion,  have  drawn  them- 
felves  into  the  palpable  abfurdity  of  proving  by  a  mathema¬ 
tical  demonftration,  that  a  matter  of  fadl  is  an  impoflibi- 
lity.  Of  which,  if  any  doubt  fhould  yet  remain,  I  will  fub- 
join  the  following  experiment,  with  a  few  fhort  reflexions 
upon  it. 

A  T  the  extremities  of  a  fteel  rod  of  two  feet  in  length, 
let  two  lamps  of  thin  glafs  of  a  fpherical  figure  (or  any  other 
that  the  operator  chufes)  be  fufpended  as  in  the  figure,  ( fee 
plate  I.  fig.  I.)  Over  thefe  lamps  let  there  be  two  vanes 
of  plate-brafs  placed  with  contrary  afpedls,  and  inclined  to 
about  half  a  right  angle.  The.  rod  thus  furnifhed  is  to  be 
poifed  by  means  of  a  cap  fixed  to  the  middle  of  it,  on  the 
point  of  a  needle,  fupported  by  a  foot  and  pillar.  As  foon 
as  the  lamps  are  lighted,  the  machine  will  begin  to  turn 
upon  its  centre,  making  feveral  revolutions  in  a  minute,  and 
will  continue  thus  to  move,  fo  long  as  the  lights  continue 
burning ;  and  fuppofing  the  lights  to  have  a  perpetual  fup- 
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ply,  the  confequence  of  that  would  be  a  perpetual  motion  in 
the  machine. 

W  E  will  imagine  a  mathematical  philofcpher  to  be  con¬ 
templating  this  light  at  a  diftance.  If  his  eye  is  in  the  plane 
of  tlie  motion,  the  lights  will  appear  to  move  backward  and 
forward  in  a  ftrait  line  :  but  as  their  velocity  will  be  appa¬ 
rently  unequal  in  different  parts  of  the  line,  he  will  conclude 
they  move  in  a  curve ;  and  by  conlidering  attentively  in 
what  proportion  the  apparent  motion  is  accelerated  and  re¬ 
tarded,  he  will  difcover  that  curve  to  be  a  perfed:  circle. 
Thus  far  he  argues  as  an  aJi?''onomer  and  geometrkta?t :  there¬ 
fore  his  conclulion  will  be  undeniable  \  and  I  mention  this 
to  fhew  the  diflindion  between  aJlro77omy  and  phyfics.  But 
in  the  next  place,  he  proceeds  to  invelligate  the  caufes  of 
this  motion  ;  and  having  found,  as  he  imagines,  that  all 
matter  mud:  refijd  motion  in  proportion  to  its  quantity;  if 
the  lights  circulate  in  a  refifling  7nedium^  their  velocity  he 
concludes  mud  be  diminifl'ied,  and  by  degrees  be  utterly 
lod.  But  having  obferved  for  federal  days,  and  he  might  do 
it  for  as  many  hundred  years,  that  they  continue  to  move 
with  the  fame  velocity,  and  compleat  their  periods  exadly  in 
the  fame  time,  as  when  he  fird  began  to  make  his  obferva- 
tions ;  he  concludes,  they  mud  move  in  an  unrefrjling  fpaceP^ 
and  having  difpatched  all  material  impulfes  out  of  the  way, 
affigns  a  projeElile  force  as  the  caufe  of  their  progrejftve  mo¬ 
tion,  and  an  attroElive  force,  exadly  counter-ballanced  to  it 
(that  is,  equal  to  the  verfed  Jine  of  an  arc  defcribed  in  a  gi¬ 
ven  time)  as  the  caufe  of  their  circular  motion :  affirming 

*  “  Againft  filling  the  heavens  with  fluid  mediums,  unlefs  they  be  exceeding  rare,  a  great 
“  objeftion  ariies  from  the  regular  and  very  lafting  motions  of  the  planets  and  comets  —  thence 
“  it  is  manifeft,  that  the  heavens  are  void  of  all  fenfible  refiftance,  and  by  confequence  of  all 
fenfible  matter.”  Opt, 
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at  the  fame  time,  that  thefe  two  forces  are  lufficient  to  ac¬ 
count  for  all  the  phoenomena,  and  will  do  it  better  than  any 
material  fnedium  whatfoever  ^ ;  and  that  in  the  whole  courfe 
of  this  reafoning,  he  has  not,  made  one  fuppojition  -f.  The 
fum  of  this  evidence  is  given  us  in  a  few  words  by  that  IkiE 
ful  mathematician  Dr.  Cotes^  in  his  preface  to  the  Principia : 
Corpora  progrediendo  motum  Juum  jluido  ambienti  com- 
municant ;  communicando  amittuiit ;  atnittef^do  retardantur, 
—  Bodies  in  their  progreffion  commufikate  their  motion  to 
‘‘  the  furrounding  fluid;  what  they  communicate  they  lofe\ 
‘‘  and  by  loflng  it  they  are  retarded P  Then  he  undertakes 
to  prove,  that  motion  cannot  be  kept  up  by  the  impulfe  of 
any  fluid  whatfoever,  but  upon  the  following  condition  — 
niji  velocitas  abjoluta  jluidi  recurre?2tis  duplo  major  fuerit 
quam  velocitas  abjoluta  fluidi  propulfe ;  quod  Jeri  nequit  — 
that  is,  unlefs  the  abfolute  velocity  of  the  fluid  which  falls 

in  behind^  be  twice  as  great  as  the  abfolute  velocity  of  the 

fluid  driven  away  before ;  which  cannot  poiTibly  be  J.’*  We 
have  in  thefe  words  the  whole  flrength  of  the  Newtotdan 
hypotheJs\  this  is  its  fundamental  argument:  yet  if  it  be 
compared  with  the  prefent  experiment,  there  is  not  one 
word  in  it,  from  the  beginning  to  the  end,  that  will  hold 
true.  For,  in  the  firft  place,  thefe  two  bodies  cannot,  in 
Dr.  Cotes' %  fenfe,  communicate  their  motion  to  the  furround¬ 
ing  fluid,  becaufe  they  were  left  at  rej^  and  had  none  to 
communicate.  They  are  no  projeBiles :  and  the  mathematical 
philofophy  having  made  projeBion  its  firfl;  principle  of  mo¬ 
tion,  is  entirely  to  feek,  where  that  is  out  of  the  queftion. 

*  “  The  motion  of  the  planets  and  comets  being  better  explained  without  it.”  Vew/.  Opt. 
Q^.  28.  - 

-|-  “  Hypothefes  non  fingo.”  Princip.  ad  fin.  ' 

t  This,  by  the  way,  will  prove,  that  when  a  cork  fwims  down  a  ftream,  the  water  miifi  run 
tWiCe  as  fall  behind  a-s  it  does  before  t* 
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Secondly,  as  they  communicated  no  motion,  they  lofe  none; 
but  are  continually  receiving  a  frefh  and  equable  fupply  of 
it:  for  which  reafon,  thirdly,  they  are  wot  retarded  \  but 
are  pofleffed  of  a  motion,  which,  in  theory,  is  abfolutely  a 
perpetual  one.  Whence  it  appears,  fourthly,  that  the  fieri 
nequit^  to  which  Dr.  Cotes  hath  reduced.himfelf,  hath  af¬ 
firmed  too  much,  and  confuted  itfelf.  For  if  the  prejfure 
of  the  furrounding  fluid  be  greater  on  the  illuminated  fide 
of  the  vanes,  than  its  refiftance  on  the  oppofite  fides ;  that 
inequality  of  prejfure  will  neceflarily  produce  a  motion  to¬ 
ward  the  weaker  fide  ;  and  for  the  fame  reafon  that  it  pro¬ 
duces,  it  would  alfo  conicrvc  the  motion  for  ever.  —  Fifthly 
and  laftly,  the  well-known  inference  from  a  continuance  of 
7notion  is  worfl;  of  all :  for  if  the  machine  were  placed  in  a 
vacuum^  that  is,  in  a  fpace  void  of  air^  the  lights  would  ex¬ 
pire,  and  motion  be  at  an  end.  A  fmall  hint  will  be  fuffi- 
cient  here  by  way  of  application  ;  only  let  it  be  remem¬ 
bered,  that  the  lights  we  ufe  for  experiment-fake,  will  de¬ 
cay  in  fpite  of  us ;  whereas  that  lamp,  which  God  hath  light¬ 
ed  up  in  the  world,  never  goes  out.  And  he  that  can  retain 
fo  mean  an  opinion  of  the  fuh^  that  marvellous  mftrument  of 
the  divine  wifdom,  as  to  fuppofe  it  ads,  not  by  the  emana¬ 
tion  of  its  lights  but  by  its  quantity  of  Jolid  matter^  fhould 
put  out  the  two  lamps  and  weigh  them,  in  order  to  account 
for  this  experiment.  If  this  is  not  enough  to  convince  the  inge¬ 
nuous  part  of  our  mathematicians,  that  their  fcience  hath  been 
mifapplied,  and  that  their  way  of  reafoning  upon  phyfical 
caufes  is  fundamentally  wrong  ;  they  muft  be  left  to  philo- 
fophize  fuo  more :  if  they  are  deaf  to  the  evidence  of  nature^ 
it  is  hardly  to  be  expeded  they  will  yield  to  any  remon- 
ftrances  of  mine.  , 
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As  the  dodlrine  of  a  vacuu?n^  and  the  theory  of  reffances^ 
are  points  of  fo  much  importance,  I  have  tried  to  be  as  par¬ 
ticular  as  the  caufe  required,  and  as  methodical  and  perfpi- 
.cuous  as  my  fmall  abilities  would  allow  me.  If  there  be  a 
.conhderable  defed:  in  any  of  my  deductions,  I  fhall  be  very 
glad  to  be  better  informed  :  and  perhaps  fome  of  the  fol¬ 
lowers  of  Sir  Ifaac  Newton  may  fhew  fo  much  candour  and 
humility  toward  a  man  who  means  well^  as  not  to  think  him 
too  infignificant  to  be  taken  notice  of. 


_  C  H  A  .  P.  VI. 

A  geometrical  argument  for  a  vacuum  examined  and  re-^ 

Experiment  and  logic  having  both' failed  in  the  de- 
monftration  of  a  vacuum  ;  let  us  fee  what  ftrefs  is  to  be 
laid  on  geometry  in  the  cafe  before  us :  for  we  have  been  fo 
ftunned  of  late  years  with  its  praifes,  that  it  will  be  neither  pru-. 
-  dent  nor  handfome  to  overlook  its  pretenfions.  Dr.  Keil  the 
aftronomical  profefibr  was  a  very  eminent  geometrician,  and  as 
ftrenuous  an  advocate  in  behalf  of  a  vacuum.  To  convince 
us  that  there  really  is  fuch  a. thing  in  nature,  he  offers  the. 
following  demonftration,  which  1  fix  upon,  becaufe-it  has 
the  author’s  own  commendation,  who  calls  it  an  invmcible 
one,  as  the  reader  will  find  in  the  17  th  page  of  his  philofo- 
phical  leBures,  He  defires  us  to  fuppofe  all  the  matter  in 
the  univerfe  to  be  amaffed  into  two  fpheres,  which  may 
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‘‘  be  reprefented  by  two  circles,  whole  centers  are  a  and  b. 

“  If  thcfe  fpheres  touch  one  another,  it  is  neceflary  that  they 
“  touch  one  another  in  one  point  only  by  the  elements  of 
“geometry — and  therefore  there  will  be  betwixt  the  other 
“  points  of  thefe  Ipheres  a  certain  and  determinate  fpace  not 
“  replete  with  matter.”  Hence  the  author  concludes  “  that 
“there  is  in  reality  a  fpace  diftind:  from  all  body.”  p.  19. 

This  is  Dr.  KeU\  invincible  demonftration :  for  the  ered- 
ing  of  which,  you  are  only  to  allow  this  fmall  fuppolition, 
that  the  omnipotence  of  God  might  poffibly  accumulate  all 
the  matter  of  the  univerfe  into  two  folid  fpheres ;  and  be- 
caufe  there  would  be  in  this  cafe  a  fpace  void  of  all  mat¬ 
ter  ;  it  follows  in  his  way  of  reafoning,  that  there  really  is 
fuch  a  fpace.  This  author  feems  to  have  been  fo  full  of 
geometry,  that  there  was  no  room  for  any  logic ;  elfe  he 
might  have  picked  up  enough  of  it  at  Oxford  to  have  taught 
him  —  a  pojfe  ad  ejfe  non  valet  confequentia.  Befides,  it 
is  the  proper  bulinefs  of  a  philofbpher  to  confider  the  ope¬ 
rations  of  nature,  as  nature  is  now  conftruded  ;  where  I 
apprehend,  he  will  find  work  enough'  without  making  a 
new  world,  or  fhufHing  the  old  one  into  a  new  fhape.  But 
Dr.  Keil  imagined  it  would  edifie  us  more,  to  tell  us  what 
ftrange  things  would  happen,  if  the  world  were  all  taken  to 
pieces,  and  put  together  again  in  fuch  a  form,  as  could  an- 
fwer  no  one  purpofe  of  the  creation. 

Ira  queftion  had  been  put  to  him,  whether  the  motion 
of  a  pe7idulum  in  a  clock  is  preferved  by  the  adion  of  oc¬ 
cult  virtues  propagated  through  void  fpaces  from  one  wheel 
to  another,  or  by  a  contad  and  bearing  of  the  parts  upon 
one  another  from  the  weight  to  the  pendulum ;  he  might 
have  demonftrated  the  former  invincibly^  by  fuppofing,  that 
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if  the  matter  of  the  whole  machine  were  melted  down,  and 
made  up  again  into  a  couple  of  wheels,  their  circumferences 
could  touch  one  another  but  in  a  fingle  point ;  and  a  man 
might  make  a  clock  upon  this  principle,  with  juft  as  much 
accuracy  as  he  can  philofophizc' upon  the  other.  He  that 
will  impartially  confider  this,  and  many  other  geometrical 
arguments  of  the  fame  complexion  (with  which  I  could  fill 
a  book  if  it  were  neceflary)  will  not  be  very  hafty  to  believe 
any  propofttion,  becaufe  it  is  faid  to  be  fupported  by  ma^ 
thematical  evidence ;  which  though  it  be  ftrong  in  its  pro¬ 
per  place,  and  undeniable  if  confidered  in  the  abftradf^  is 
neverthelefs,  when  mifapplied,  juft  as  weak  as  any  other  fort 
of  evidence  that  is  equally  impertinent.  The  lovers  of  ma¬ 
thematical  learning,  like  other  men,  are  too  fond  of  mag¬ 
nifying  their  favourite  fcience ;  and  will  be  introducing  it, 
where  it  can  add  no  light,  but  will  fpread  an  air  of  myftery 
and  darknefs  over  a  fubjedt,  in  itfelf  plain  and  intelligible 
enough.  Such  unfeafonable  applications  of  it  are  fo  far  from 
advancing  its  credit  with  fober  men,  that  they  are  in  danger 
of  bringing  a  pleafant  and  profitable  branch  of  learning  into 
contempt. 

I T  was  an  obfervation  of  the  excellent  Lord  Bacon^  whole 
judgment  in  thele  matters  hath  never  yet  been  called  in 
queftion  —  optime  cedit  inquijitio  naturalis^  quando  phyjicum 
terminatur  in  mathetnatico  —  ‘‘  Every  natural  dilquifition 
is  brought  to  its  proper  iflue,  when  a  phyfical  principle 
terminates  in  a  mathematical  operation.”  The  reverfe  of 
this  is  the  pradlice  of  Dr.  Keil :  he  perceives  that  a  thing 
will  hold  true  in  the  mathematics ^  and  then  turns  the  world 
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upfide  down  to  make  his  phyjics  agree  with  it.  If  that  be 
the  befi:  philofophy,  which  goes  from  phyfics  to  the  mathe¬ 
matics  ;  that  muft  needs  be  the  worft,  which  goes  headlong 
to  the  mathematics  before  it  is  ready  for  them,  and  cano¬ 
nizes  a  blunder  by’  a  demonftration.  So  that  Dr.  Keil  was 
rather  too  fevere  in  cenfuring  fo  unmercifully,  and  laying 
fuch  an  heap  of  hard  names  upon  his  adversaries,  “  whofe 
“  errors,”  he  fays  ‘‘  fpring  from  hence,  that  men  ignorant 
“  of  geometry- will  prefume  to  philofophize,  and  give  the 
‘‘  caufes  of  natural  things.”  For  be  it  ever  fo  true,  that  fome 
philofophers  have  not  been  geometricians ;  he  hath  Shewn  it 
to  be  equally  true,  that  every  geometrician  is  not  a  philofo- 
pher. 

Ido  not  lay  this  to  dilcourage  the  ftudy  of  the  mathe¬ 
matics  :  and  if  I  had  fuch  a  defign,  my  influence  is  too 
fmall  to  be  attended  with  any  bad  confequences.  However, 
I  am  far  from  defigning  any  fuch  thing ;  but  on  the  con¬ 
trary  am  glad  I  know  the  value  of  mathematical  learning, 
and  would  recommend  the  practical  part  of  it  to  the  ftudy 
of  every  perfon  who  does  not  want  leifure,  has  no  natural 
indifpoiition  for  it,  and  is  willing  to  make  a  progrefs  in  na¬ 
tural  philofopby ;  which,  fo  far  as  it  hath  motion  and 
quantity  for  its  objeds,  cannot  be  rightly  underftood  with¬ 
out  a  moderate  degree  of  Ikill  in  the  mathematics.  If 
this  ftudy  fhould  become  more  fafhionable  among  thofe 
who  are  already  learned  in  other  refpedts,  it  might  de¬ 
liver  us  from  the  bondage  of  fome  tyrannical  prejudices, 
which  at  prefent  do  very  much  obftrudt  the  advancement  of 
natural  knowlege.  Eledlricity^  which  has  given  to  this  age 
an  advantage  over  all  that  went  before  it,  and  Should  have 
opened  to  us  a  new  world  of  philofophy,  has  left  us  juft 
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where  it  found  iis ;  and  the  curiofity  of  the  publick  with 
regard  to  that  article  hath  nearly  fublided,  while  the  trea- 
fures  of  nature  are  ftill  lockt  up  under  the  magic  of  attract- 
tion  and  a  vacuum.  And  here  we  are  like  to  remain ;  un~ 
lefs  the  efforts  of  fome  future  philofoph^r,  more  ikilful  and 
fortunate  than  I  am  like  to  be,  fhall  roufe  the  learned  from 
their  lethargic  admiration  of  a  few  hard  words,  dreffed  up 
with  geometrical  lines  and  algebra,  ' 

All  I  wifh  for  therefore  is  this,  that  our  young  gentle¬ 
men  (for  as  to  thofe  who  are  far  advanced  in  age  and 
opinion,  though  I  reverence  their  characters,  and  am  glad 
to  take  the  benefit  of  their  labours,  it  is  too  late  to  drive 
them  upon  any  frefh  inquiry)  that  our  young  gentlemen, 
I  fay,  whole  minds  are  difengaged  from  fyftematical  views, 
would  avoid  all  implicit  obedience  to  names  and  characters, 
fo  far  as  they  can  do  it  without  any  offence  to  good  man¬ 
ners,  and  bend  their  attention  to  fuch  experiments  as  relate 
to  a  material  agency  in  nature  ;  which  kind  of  experiments 
have  neither  been  fought  after,  nor  examined  into,  as  they 
ought  to  have  been :  and  would  likewife  add  to  their  other 
learning,  a  competent  degree  of  Ikill  in  practical  geometry 
and  arithmetic.  For  it  is  the  misfortune  of  thefe  times  in 
particular,  that  thofe  who  are  ignorant  of  the  mathematics, 
are  apt  to  think  they  have  nothing  to  depend  upon  in  phy- 
fics,  but  the  authority  of  the  eminent  geometricians ;  whole 
reports^  however  fanguine,  premature,  and  accommodated 
to  their  own  fancies,  they  are  obliged  to  receive  juft  as  they 
happen  to  be  delivered  :  and  while  they  are  not  aware  how 
much  may  really  be  done  by  the  mathematics,  and  what 
great  afiiftance  they  will  give  in  the  proper  place,  are  drawn 
in  to  allow  them  much  more  than  their  fhare.  On  the  other 
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hand  a  mathematical  fcholar,  whofe  judgment  hath  not 
been  infeded,  doth  know  very  well,  that  geometry  can  as 
foon  create  a  fyftem  of  politics,  as  a  lyftem  of  phyfics.  He 
knows,  that  in  every  phyfical  operation,  he  mu  ft  have  phy- 
Jical  data  to  begin  with ;  and  that  if  he  is  wrong  there^  all 
the  geometrical  Ikill  upon  earth  will  never  fet  him  right ; 
but  rather  lead  himfelf  and  others  into  the  danger  of  perpe¬ 
tuating  the  miftake,  by  calling  the  work  a  demonjlration. 


END  OF  THE  First  Book. 
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BOOK  II. 

AttraSlion  and  gravity  conjidered  at  large. 


CHARI, 

Attradlion  inquired  into  from  the  writings  of  Sir  Ifaac  New¬ 
ton  and  the  mofi  eminent  of  his  followers. 

IN  the  former  part  of  this  treatife,  I  have  made  it  appear, 
that  the  only  rational  and  intelligible  philofophy  is  that 
which  attributes  all  motion  to  the  adion  of  matter  up¬ 
on  matter ;  or,  which  is  the  lame  thing,  that  maintains  an 
agency  of  material  and  fecondary  caufes,  under  the  diredion 
of  God,  the  moral  governor  of  the  world,  and  the  fupreme 
caufe  of  all  things. 

T  o  fuch  a  philofophy  as  this,  I  have  attempted  to  clear 
the  way  by  removing  all  the  principal  objedions  of  our  mo¬ 
dern  learned  men :  and  if  the  fuppofed  evidence  for  a  va¬ 
cuum,  depending  upon  the  famous  theory  of  reliftances, 
which  gained  fo  much  credit  with  Dr.  Cotes ^  and  many 
others,  as  to  be  unhappily  miftaken  for  a  demonf  ration ;  if 
this,  I  fay,  has  been  obviated  to  the  fatisfadion  of  the  learn¬ 
ed  reader,  what  remains  to  be  done  will  rather  be  a  work 
of  eafe  and  amufement,  than  of  difficult  and  doubtful  dif- 
putation. 
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For  if  the  notion  of  a  vacuum  be  unfnpported,  and  falfc 
in  itfelf,  nothing  that  is  advanced  in  the  mathematical  phi- 
lofophy,  relating  to  phyfical  caufes^  can  poflibly  be  right. 
Where  that  philofophy  has  miftaken  or  mifreprefented  the 
nature  of  thefe  caufes,  it  will  be  found  inconfiftent  either 
with  itfelf  or  with  nature,  and  moft  probably  with  both : 
fo  that  to  deted;  the  falfehood  of  it,  we  fhall  have  nothing 
to  do,  but  to  compare  it  with  itfelf,  and  with  thofe  notions 
of  the  natural  world,  with  which  our  fenfes  and  experience 
will  furnifh  us.  In  this  difquifition,  we  fhall  have  in  review 
before  us,  a  great  variety  of  ufeful  and  curious  experiments, 
which  cannot  fail  of  giving  fome  entertainment,  to  a  mind 
that  hath  beftowed  any  of  its  attention  upon  fuch  fubjeds. 

A  s  my  concern  at  prefent  is  barely  with  phyfical  caufies^ 
no  reader  can  be  fo  abfurd  as  to  fufped,  that  I  am  aiming 
at  the  demolition  of  all  that  is  now  called  by  the  name  of  na-- 
tural  philofophy^  without  doing  me  a  manifeft  injuftice,  and 
betraying  his  own  want  of  knowlege.  The  dodrine  of  unme¬ 
chanical  caufies^  though  the  forwardnefs  and  indifcretion  of 
fome  adventurers  may  have  loaded  it  with  a  much  greater 
weight  than  it  is  able  to  bear,  does  yet  make  but  an  incon- 
fiderable  part  of  the  eftablifhed  philofophy ;  and  if  it  fliould 
hereafter  give  place  to  fome  more  natural  account  of  things, 
the  remaining  parts  will  always  retain  their  prefent  value. 
Such  a  work  as  that  of  profeffor  S’  Gravefia7'ide  will  defervc 
the  admiration  of  the  ingenious,  fo  long  as  the  world  lafts ; 
and  that  man  mufl:  have  but  an  indifferent  relifh  for  the  fci- 
ences,  who  is  not  greatly  delighted  with  the  difcoveries  and 
improvements  he  may  there  meet  with,  in  mechanics^  optic Sy 
and  afironomy.  I  fpeak  this  in  much  lincerity  :  and  it  is 
intended  to  obviate  any  prejudices’  that  might  be  raifed  a- 
^  gainfl;  my  defign,  either  wilfully  or  by  miftake.  To  give 
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offence  is  no  part  of  my  defign ;  and  I  am  unwilling,  that 
any  well-defigning  perfon  diould  think  me  to  be  poffeffed 
by  a  fpirit  of  detradlion,  while  I  am  confcious  to  myfelf  it 
is  far  from  me,  and  tiiat  I  write  upon  much  higher  motives. 
I  am  encouraged  therefore  to  hope  for  the  attention  at 
leaft,  if  not  the  favour,  of  all  candid  men  and  lovers  of 
phyfical  truth,  while  I  enquire  into  the  fenfe  and  merit  of 
thofe  caufeSy  by  which  the  author  of  nature  is  now  fuppofed 
to  diredt  the  natural  world. 

First  then  let  us  enquire,  what  kind  of  force  or  agency 
Sir  Ifaac  Newton  and  his  followers  would  have  us  underftand 
by  the  terms  aW'aEiion  and  repuljion. 

That  attraSiion  hath  been  called  in  for  the  explication  of 
natural  appearances,  both  great  and  fmall,  every  perfon  muft 
know,  who  has  either  heard  or  read  any  courfe  of  phyfical 
ledlures  delivered  in  englifh  within  this  laft  century :  it  is 
looked  upon  as  a  principle,  not  to  be  approached  without  a 
degree  of  reverence,  becaufe  the  great  Sir  Ifaac  Newton 
thought  proper  to  make  ufe  of  it :  but  if  the  word  fhould 
have  no  fixed  meaning,  and  fhould  itfelf  want  an  explica¬ 
tion,  it  will  explain  nothing  at  all ;  it  will  be  a  word  with¬ 
out  an  idea  5  and  if  we  apply  it  to  any  particular  cafe,  we 
fhall  explain,  as  the  phrafe  is,  ignotum  per  ignotius  ‘‘a  thing 

'unknown  hy  another  that  is  lefs  known^  The'  word,  it 
ftridly  taken,  fignifies  a  drawing  or  pulling  of  one  body 
toward  another :  but  as  every  fcience  hath  a  liberty  of  a- 
dopting  its  own  terms,  provided  it  adds  fuch  a  definition  as 
will  keep  them  clear  of  ambiguity,  I  fhall  fpend  no  con¬ 
jectures  upon  it,  but  try  if  I  can  lettle  the  three  following 
queftions,  upon  the  beft  authority  that  is  to  be  had  —  firft, 
where  attraction  is  feated  ?  for  example,  whether  it  be  in 
the  earth,  ck  in  the  ftone  that  falls  down  to  it,  or  in  both, 
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or  in  neither,  but  in  fome  fiibftance  exterior  to  both  ?  fe- 
condly,  whether  it  is  to  be  underftoocl  as  a  caufe^  or  as  an 
effeB  f  and  thirdly,  whether  it  be  a  material  force,  or  an 
i?nmaterial  one  ?  under  which  heads,  all  that  need  be  faid 
upon  the  fubjedl  may  eafily  be  reduced. 

The  principal  fpecies  of  attradlion,  being  that  of  gravity ^ 
is  defcribed  by  Sir  Ifaac  Newton  in  his  5th  definition  as  a 
ce?itripetal  force^  whereby  bodies  are  clrawn^  impelled^  or  tend 
in  a7^y  tnamier  toward  ^a  center  ;  which  definition  is  fo  far 
from  giving  any  meaning  to  the  word,  that  it  rather  feems 
to  guard  it,  as  it  were,  from  having  any  meaning  at  all ; 
there  being  a  mixture  of  terms  here,  oppofite  in  fenfe  to 
one  another,  fuch  as  attraBion  and  impulje.  To  fay  a  body 
is  attraBed  or  pulled^  is  to  place  the  power  in  that  point, 
to  which  the  body  is  tending :  to  fay  it  is  impelled  or  driven y 
is  to  place  the  power  behind  it :  but  to  fay  bothy  is  to  intro¬ 
duce  two  oppofite  forces,  deftrudive  of  each  other ;  which, 
in  elfedl,  is  to  fay  nothing.  This  definition  therefore,  as  it 
now  ftands,  will  give  us  fo  little  help,  that  we  muff  divide 
it  into  two  parts ;  that  is,  we  muft  diftinguifh  attraBion 
from  impulfey  as  things  diametrically  oppofite,  and  fee  to 
which  of  thefe  two  Sir  Ifaac  and  his  followers  have  in¬ 
clined. 

I F  we  look  forward  in  the  principiay  we  fhall  accordingly 
find,  that  attraBion  is  the  favourite  term  upon  which  all  the 
learned  author’s  reafonings  turn ;  and  that  he  fuppofes  it  to 
be  a  power  feated  in  the  moved  bodies  themfelveSy  and  in 
every  fingle  particle  of  which  they  are  compofed.  What  elfe 
can  we  underftand  by  corpora  trahentiay  ‘‘  drawing  bo- 
“  dies;”  and,  corpora  fe  mvicem  trahentiay  bodies  that  mu- 
“  tually  draw  each  other  f  and  +  fphcerce  ex  materia  attrac- 

*  Lib.  I.  Seft.  II.  f  Ibid.  Prop.  72. 
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tivd  conJia7ttes^  ‘‘ fpheres  compofed  of  attraElive  ijiatterf^' 
How  again  are  we  to  eftimate,  as  he  direds,  the  attradions 
of  bodies  “  by  afTigning  to  each  of  their  particles  their  own 
proper  powers'^ imlefs  the  by  whatever  name  he 

pleafes  to  call  it,  be  as  truly  feated  in  the  particles  them- 
felves,  as  the  force  of  refiftance,  or  vis  mertice  is  fuppofed 
to  be  ?  And  if  the  learned  author  of  this  dodrine  had  not 
really  fuppofed  the  folid  matter  of  the  parts  themfelves  to  be 
endued  with  an  adive  power,  or  principle  of  motion,  he 
would  not  furely  have  taken  fo  much  pains  to  prove,  that 
this  power  cannot  be  owing  to  any  cether^  or  other  matter, 
external  to  the  moved  body.  For  he  fets  it  down  as  the  re- 
fult  of  his  reafonings  and  experiments,  that  no  fpecies  of 
matter  can  be  void  of  gravity  •f* ;  whence  the  concluiion  is 
obvious  enough,  that  no  matter  can  ad  as  the  caufe  of  gra¬ 
vity  ;  unlefs  the  effeSi  of  gravity  in  fome  bodies,  can  be  the 
caufe  of  it  in  others,  which  is  abfurd.  It  remains  then,  that 
the  gravity  of  all  bodies  is  owing  to  a  quality  J  refid  ing  in 
the  bodies  themfelves;  to  which  quality  he  gives  the  name 
of  attra8iio7t.  How  much  truth  there  is  in  the  grounds  of 
this  conclufion,  we  fhall  fee  hereafter ;  when  gravity,  as  an 
univerfal  property  of  matter,  is  compared  with  experiment.- 
There  are  in  the  celebrated  works  of  Sir  IfaaCy  fo  many 
paflages  feemingly  inconfiftenf  with  the  dodrine  abovemen- 
tioned,  and  efpecially  that  portentous  paragraph  with  which 
he  has  concluded  his  principia^  that  I  would  proceed  with 
all  due  caution,  and  not  venture  to  fix  Rich  an  opinion  up¬ 
on  him,  without  taking*  fome  farther  cpunfel,  and  enquiring 
how^  and  in  what  fenfe^  this  dodrine  has  been  received  in  the 

*  Aflignando  flngulis  corum  pai-ticulis  'vircs  propriaf. ,  Lib,  I.  P.  69.  Schol. 
f  Lib.  3.  P.  6.  Cor.  2. 
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judgment  of  others,  who  fubfcribed  to  his  opinions,  and  un- 
derftood  them  throughly. 

D  R.  y.  Keil^  who  beftowed  much  pains  in  drawing  out 
this  principle  of  attradlion  into  a  theory,  has  the  following 
aflertion  —  Materics  inejje  vim  attraSiicem^  conjirmat  expe- 
rientia  ;  ‘‘  experience  teaches  us,  that  there  is  in  matter  an 
“  attradlive  power.  This  he  calls  —  mater  ice  vis  fuperaddita^ 
“a  force  fuper added  to  matter;”  and  again,  ineft  materica 
potentiay  qua  Jingulce^  ex  quibus  conjiat^  particulce  fe  invi- 
cem  attrabunt  —  ‘‘There  is  a  power dn  matter  by  which  all 
“  its  particles  mutually  attradl  one  another  So  that  in 
the  conftitution  of  all  bodies,  there  is  a  compofition  of  mat¬ 
ter  and  power ;  and  if  their  parts  are  found,  either  to  ad^ 
here,  or  tend  toward  each  other,  we  muft  afcribe  it  to  a  virtue 
in  the  parts  themfeRes.  If  an  heavy  body  falls  to  the  earth, 
it  is  occafioned  by  a  vis  or  potentia  fuperadded  to  the  mat¬ 
ter  of  them  both  :  than  which  nothing  can  he  more  ex- 
prefs  to  the  point ;  and  it  fhews  us,  to  a  demonftration,  how 
attraBion  was  underftood  by  Dr.  KeiU  i  . 

D  R.  Friendy  who  endeavoured  to  folve  the  operations  of 
chemijlry  by  this  principle,  and  was  engaged  in  a  controverfy 
about  it  with  fome  foreign  writers,  was  of  the  fame  mind  with 
Dr.  KeiL  In  the  defence  of  his  ledlures,  he  calls  it — prin- 
cipium  attrahensy  quod  omni  materm  inejl  —  “  a  drawing 
“  principle  that  refides  in  all  matter And  again  he  aflerts 

Inejje  immutabilem  quibufcunque  corporibus  vimy  qua  iti- 
dem  in  fefe  mutuo  ferantur  —  “  that  bodies  are  carried  mu- 
“  tually  toward  each  other,  by  an  immutable  power  within 
‘‘  themf elves  -f, 

*  Philof.  Tranf.  ATo.  315..  f  Itid.  No.  331. 
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Dr.  Clarh  in  his  notes  on  Rohault  informs  us,  that 
“  all  thole  bodies  will  afcend  in  water,  which  are  lefs  at'~ 
t7^aEied  by  the  gravity  of  the  earth  than  water  itfelf 
Whence  it  appears,  that  according  to  his  notion  of  the  affair, 
attraBion  is  a  quality  refiding  in  the  matter  of  the  earth  it- 
felf ;  it  being  the  gravitas  telluris^  to  which  the  effedl  is 
imputed. 

To  thefe  authorities,  I  may  add  that  of  the  ingenious 
Mr.  Rowning ;  who,  fpeaking  of  the  attradlion  of  gravita¬ 
tion,  obferves  in  very  plain  terms,  that  “  the  aBion  of  the 
‘‘  earth  upon  bodies  is  exadlly  in  proportion  to  the  matter 
“  they  contain 

But  above  all,  the  opinion  of  Dr.  Cotes  is  to  be  regardr 
ed  ;  and  it  is  more  to  my  purpofe  than  any'  of  the  former. 
“We  are  to  believe,  fays  he,  that  the  aBion  of  the  earth  is 
“  compofed  of  the  joint  aBions  of  all  its  parts  ;  and  there- 
“  fore,  that  all  terreflrial  bodies  ought  to  attraB  one  ano- 
“  ther  with  abfolute  forces,  which  are  in  a  diredr  ratio  of 
“  the  drawing  matter  f.” 

All  thefe  authors  then  ( and  I  might  have  added  many 
others)  who  have  followed  the  Newtonian  hypothecs,  de¬ 
clare  with  one  voice,  that  when  a  terreflrial  body  is  fo  aded 
upon  as  to  defeend  to  the  earth,  the  drawing  matter  of  the 
earth  itfelf  is  the  agent  \  and  it  aBs  by  a  power  fuperadded 
to  it,  which  power  they  call  attraBion.  All  the  other  kinds 
of  attradion,  fuch  as  that  of  magnetifn^  cohefion^  eleBricity^ 
and  repulfton  the  antagonift  of  them  all,  are  to  be  under- 
ftood  in  the  fame  way :  but  1  forbear  to  weary  the  reader’s 

*  Qux  telluris  gru'vitate  minus  funt  attraSia.  P.  L  ch.  22.  §.15. 

•f  Vol.  1.  p.  15. 

J  Aiiio  itaque  telluris  ex  conjundlis  partium  aSianibus  conflari  cenfenda  erit  ?  atque  adco 
corpora  omnia  terreftria  fe  mutuo  trahere  oportet  viribus  abfolutis,  quae  fmt  in  ratione  materite 
4vahetttii.  See  his  Psef.  to  Sir  J/.  Principia,  p.  3. 
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patience  with  any  particular  proofs  of  it.  This,  I  remember 
very  well,  is  the  fenfe  in  which  I  myfelf,  in  common  with 
other  young  men,  underftood  the  dodrine  of  attradlion, 
when  I  was  firfl:  initiated  into  thefe  myfteries  of  natural  phi- 
lofophy  :  it  is  the  fenfe  in  which  I  thought  Sir  Ifaac  did 
originally  defire  to  be  taken ;  and  in  which,  I  am  confident 
he  is  taken  to  this  day,  by  very  many  readers.  I  am  now 
perfedily  eafy  about  it,  being  in  the  company  of  thofe  wri¬ 
ters,  whofe  learning  and  candour  with  regard  to  their  author 
have  never  yet  been  difputed. 


A 


'  CHAP-  II. 

An  attempt  to  fettle  the  quejliony  whether  attraction  is  .the 
caufe  or  the  effeCI. 

IT  will  now  appear  very  flrange  to  afk  whether  attrac¬ 
tion  be  a  caufe  or  an  effeSl ;  aSlmt^  force^  power  See, 
having  all  been  aferibed  to  it :  but  this  enquiry  will  anfwer 
a  very  good  purpofe,  and  ferve  abundantly  to  convince  the 
unprejudiced,  that  they,  who  brought  this  principle  into  fa- 
fhion,  did  never  yet  know  what  to  make  of  it. 

Mr.  Leibnitz^  and  many  other  learned  mathematicians, 
were  for  exploding  attraElion  at  its  firft  appearance :  they 
even  ridiculed  it  as  unphilofophical,  unintelligible,  an  occult 
quality,  and  a  miracle ;  and  abfolutely  denied  its  very  exig¬ 
ence.  Obferve  therefore  what  a  reply  Dr.  Clarke  made  up¬ 
on  the  occafion  —  ‘‘It  is  very  unreafonable « to  call  at-r 
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tradlion  a  miracle  and  an  unphilofophical  term,  after  it 
“  has  been  fo  often  diflindlly  declared,  that  by  that  term,  we 
“  do  not  mean  to  exprefs  the  caufe  of  bodies  tending  toward 
“  each  other  \  but  barely  the  effeB  of  this  caufe,  or  the  phoetio-^ 
‘‘  tnenon  itfelf  difcovered  by  experience,  whatever  be  or  be 
not  the  caufe  of  it.  Gravitation  or  attraction  in  this  fe7ife 
“(he  adds)  is  an  aCtual  phoenomenon  in  nature"^.”  And 
again  :  “  philofophers  therefore  may  fearch  after  and  difco- 
“  ver  that  caufe  if  they  can,  be  it  mechanical  or  not  me- 
“  chanical :  but  if  they  cannot  difcover  the  caufe,  is  there- 
“  fore  the  effeB  itfelf^  the  phoenomenon ^  or  the  matter  of 
faB  difcovered  by  experience is  all  that  is  meant  by 
“  the  words  attraSiion  and  gravitation)  ever  the  lefs  true  ?” 
Mr.  Leib?ntz  objected  to  attraBion^  as  to  a  caufe  occult  and 
unphilofophical : ,  Dr.  Clarke  anlwers  him,  by  denying  it  to 
be  any  caufe  at  all ;  for  that  it  means  nothing  more  than 
the  bare  effeB^  or  phoenomenon  of  a  tendency  in  one  parcel 
of  matter  toward  another.  And  if  this  were  all,  who  could 
take  any  offence  at  it  ?  for  that  there  is  fuch  a  tendency, 
experience  will  indeed  convince  us ;  and  there  are  few  aftro- 
nomers,  who  will  not  allow  of  it,  even  in  the  heavenly  bo¬ 
dies  themfelves.  But  then  the  authority,  to  which  this  au¬ 
thor  has  referred  us,  is  no  way  to  be  reconciled  with  his 
account.’  The  words  of  Sir  Ifaac  are  thefe  “  I  ufe  the  word 
“  attraction,  only  in  general,  to  fignify  the  force  by  which 
“  bodies  tend  toward  each  other  J.’’  Dr.  Clarke  affures  us 
very  poiitively,  and  delires  he  may  not  be  mifunderftood, 
that  when  bodies  are  faid  to  be  attraBed  or  gravitate^  no¬ 
thing  farther  is  meant,  but  that  they  are  found  by  experi¬ 
ence  to  tend :  whereas  Sir  Ifaac  affirms,  in  the  very  words 
to  which  he  has  referred  us,  that  attraction  expreffes  that 

**  P.  355-  +  P*  367-  X  Opt.  0:^23 
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force  in  general  hy  which  they  tend ;  and  thefe  two  are  as 
diftindl  as  a  caiife  and  an  elFedl  can  be ;  juft  as  different,  as 
is  the  tendency  of  a  bullet  toward  the  mark,  from  the  force 
of  the  gunpowder,  by  which  it  is  fent  from  the  piece.  And 
the  following  words  are  fufScient  to  prove,  that  notwith- 
ftanding  what  Dr.  Clarke  might  think  it  convenient  to  fay 
to  Mr.  Leibnitz^  Sir  Ifaac  did  not  publifti  his  attraction  of 
gravity  to  the  world  under  the  notion  of  an  effeCt" —  ‘‘It  is 
“  enough,  fays  he,  that  gravity  really  exifts,  and  aEis  ac- 
“  cording  to  the  laws  we  have  laid  down"^;’*  which  an  effeSi^ 
I  think,  can  never  be  faid  to  do,  without  a  childifti  abufe 
of  language. 

L  E  T  us  next  examine  the  opinion  of  Dr.  Cotes^  who 
thus  appeals  to  his  adverfaries,  in  behalf  of  the  Newtonian 
gravity  —  “  Would  you  call  gravity  an  occult  caufcy  becaufe 
“  the  caufe  of  gravity  is  occult,  or  not  yet  found  out  ?”  No, 
certainly  I  would  not :  for  if  its  caufe  remains  yet  to  be  dif- 
covered,  I  would  have  obferved  the  caution  given  by  Dr. 
Clarke y  and  have  called  it  an  effeEi.  For  if  gravity  be  a  phy- 
fical  caufe,  we  have  already  gained  our  purpofe,  and  the 
fcience  of  phyfics  does  not  require  us  to  look  for  another. 
If  it  be  a  caufe  of  fo  myfterious  a  nature,  that  no  phyftcal 
account  can  be  given  of  it,  it  muft  be  claffed  among  thofe 
occult  qualities,  which  the  fcholaftic  philofophers  affirmed 
to  have  a  real  exiftence,  though  they  were  unable  to  give 
any  farther  account  of  them.  We  have  the  authority  of  Dr. 
Cotes  however,  that  gravity  is  a  caufcy  which  was  juft  now 
affirmed  to  mean  nothing  but  an  effeB\  and  the  adverfaries 
of  this  philofophy  were  charged  with  the  unreafonablenefs  of 
a  contrary  fuppofttion.  From  what  this  author  hath  written, 

*  Satis  eft  quod  gravitas  revera  exiftat,  &  agat  fecundum  leges  a  nobis  expofitas.  Princip. 
p.  ult. 
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it  appears  he  never  fufpedled  gravity  to  be  any  thing  but  a 
caufe,  even  the  moft  fimple  of  caufes,  beyond  which  hu¬ 
man  knowlege  cannot  poflibly  penetrate  —  ac/  caufam 
fimpliciJJifnajn  perveneris,  (fuch  as  he  fuppofes  gravity  to  be) 
jam  non  Ucebit  ulterius  progredi  He  thinks  there  is  a  con¬ 
catenation  of  phylical  caufes  in  the  world,  fome  compound¬ 
ed,  others  fimple  and  primary ;  but  gravity  he  places  among 
the  caufas  fimplicijjjmas^  and  caufas  per  phcenomena  compro-- 
batas ;  which  latter  expreflion  fets  him  in  a  diredt  oppofi- 
tion  to  Dr.  Clarke ;  with  whom  attraction  and  gravity  mean 
nothing  but  the  bare  effect  or  phoenomenon  itfelf :  here,  it  is 
the  caufe  proved  by  the  phoenome72on.  And  it  fhould  be  re¬ 
membered  for  the  juftihcation  of  Dr.  Cotes^  that  he  wrote 
in  the  year  1713,  Dr.  Clarke  in  1717. 

Dr.  Defaguliers  will  inform  us,  that  ‘‘  attraBmt  and  re- 
pulf  on  feem  to  be  fettled  by  the  great  creator  as  firft  prin- 
‘‘  ciples  in  nature,  that  is,  as  the  firft  of  fecond  caufes ;  fo 
‘‘  that  we  are  not  follicitous  about  their  caufes,  but  think  it 
“  enough  to  deduce  other  things  from  them  f.”  This  con¬ 
firms  the  reflexion  I  made  a  while  ago ;  that  attradion  is  a 
caufe,  of  which  no  account  can  be  given ;  and  that  it  ferves 
to  keep  us  under  the  fame  ignorance  with  the  occult  quali¬ 
ties  of  the  fchools.  It  was  for  this  reafon  only,  that  the 
learned  men  of  the  laft  age  remonftrated  againft  it  with  fo 
much  earneftnefs ;  and  Sir  Ifaac^  in  order  to  remove  the 
offence  it  had  given,  took  the  matter  a  fecond  time  into 
confideration.  When  he  viewed  it  in  a  phyfical  light,  he 
concluded  from  fome  particular  experiments,  ‘‘  that  there  are 
‘‘  age7tts  in  nature  able  to  7nake  the  particles  of  bodies  flick 
‘‘  together  by  very  ftrong  attractions ;  and  that  it  is  the  bu- 


*  Princip,  Pref.  p.  9. 
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“  finefs  of  experimental  philofophy  to  find  them  out;”  that 
is,  to  find  out  thofe  agents  of  nature^  which  adt  as  the  im¬ 
mediate  caufes  of  this  attraBion,  By  which  remarkable  con- 
ceffion,  Sir  Ifaac  himfelf,  who  elfe where  makes  attraction 
a  force^  and  gravity  an  aBive  principle  has  reduced  them 
both  to  effeBs ;  encouraging  us,  at  the  fame  time,  to  enquire 
experimentally  after  thole  agents  of  nature,  by  which  thefe 
effects  are  brought  about ;  while  Defaguliers  his  difciple  lays 
down  attraction  itfelf  as  the  firft  of  fecond  caufes ;  and  Dr, 
Cotes  affures  us,  that  if  we  get  fo  far,  jam  non  licebit  ulte- 
rius  progredi. 

I  F  we  afk  the  opinion  of  Dr.  Friend^  he  will  tell  us, 
gravity  is  an  effeCt,  and  attraction  is  the  caufe  of  it.  ‘‘This 

attraBion'"  (which  he  had  juft  before  called  the  force  of 
gravity )  “  they  may,  if  they  pleafe,  call  an  occult  quality  ; 
“and  I  believe  it  will  always  be  occult:”  yet,  in  another 
part  of  the  fame  difeourfe,  he  fays  “  In  explaining  this  gra- 
“  vity,  which  is  evident  to  fenfe,  Newton  hath  far  exceeded 
“  all  other  philofophers ;  having  demonftrated  it  to  arife 
“  from  an  attr aBive  force^  which  difperfes  itfelf  far  and 
“wide  through  all  matter  f.”  From  which  paflages,  we 
may  learn  thefe  three  things  :  firft,  that  gravity  and  attrac¬ 
tion  are  the  fame  thing  J,  becaufe  the  author,  fpeaking  of 
the  vis  gravitatis^  calls  it  —  hcec  attraBio.  Secondly,  that 
attraction  is  an  occult  quality^  and  always  like  to  remain  fo. 
Thirdly,  that  gravity  is  hejl  explained  by  attraBion  \  though, 
by  his  firft  fuppolition,  they  are  the  fame  thing ;  and  then 

*  Opt.  p.  376. 

-f-  Attraftionem  hanc  ( fcil.  'vim  granjitatis)  fi  ita  lubet  qualitatem  occultam  nuncupent,  & 
erit,  credo,  femper  occulta.  —  In  hac  quidem  gravitate  expUcanda,  quam  fenfu  percipimus, 
longillime  omnium  proceflit  Ne^Mtenus ;  earn  quippe  a  mi  attraSlrice  quae  per  omnem  materiam 
fe  undequaque  dilTeminat  oriri  commonftrat.  Ubi  fupra. 

X  See  the  paflage  quoted  from  Dr.  Clarke  at  p.  62,  63. 
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gravity  is  beft  explained  hy  itfelf :  by  the  fecond,  attradion 
is  allowed  to  be  an  occult  quality,  and  he  believes  it  will 
always  remain  fo.  Which  dodrine  comes  out  juft  as  it  fhould 
do ;  for  to  explain  any  thing  by  an  occult  quality,  is  to  ex¬ 
plain  it  by  itfelf :  and  in  this  abfurdity,  the  caufes  propofed 
by  the  mathematical  philofophy  will  all  be  found  to  termi¬ 
nate. 

H  ow  oppofite  to  thofe  of  this  laft-named  author,  were 
the  fentiments  of  the  celebrated  M.  Maupertuis ;  who  thus 
apologizes  to  the  French  academy  in  behalf  of  the  Newtonian 
attradion  —  “  Many  people,  lays  he,  have  been  difgufted 
“  by  the  word  attraSiion^  expeding  to  fee  the  dodrine  of 
“  occult  qualities  revived  again  in  natural  philofophy  :  but 
“  in  juftice  to  Sir  Ifaac  Newton^  it  fhould  be  remembered, 
‘‘  he  has  never  confidered  attradion  as  an  explanation  of  the 
‘‘  gravity  of  bodies  toward  each  other  ;  he  has  frequently 
“  warned  us,  that  he  employs  this  term,  not  to  fignify  a 
‘‘  caufe^  but  only  an  effed  Therefore  in  the  judgment 
of  this  learned  man,  whofoever  recommends  attradion  to  us 
as  a  phyfical  caufe^  or  an  explanation  of  elFeds,  revives  the 
dodrine  of  occult  qualities. 

Lastly,  let  us  hear  the  opinion  of  Mr.  Rowning^  a  wri¬ 
ter  who  has  done  much  fervice  to  the  publick,  by  giving  us 
a  regular  treatife  upon  natural  philofophy  in  all  its  branches. 
But  alafs !  we  fhall  find  him  to  have  fallen  into  the  lame 
inconfiftency  with  the  other  writers  who  went  before  him ; 
which  I  would  impute  wholly  to  the  perplexed  condition  of 
the  fubjed,  and  not  to  any  intention  of  deceiving  in  the 

*  Le  mot  d’attraflion  a  eiFarouche  les  efprits  ;  plufieurs  ont  craint  de  voir  renaitre  dans  la 
philofophie  la  doflrine  des  qualites  occultes  ;  mais  c’eft  une  juftice  qu’on  doit  rendre  a  M. 
Newton,  il  n’  a  jamais  regarde  1’  attradlion  comme  unc  explication  de  la  pefanteur  des  corps 
les  uns  vers  les  autres,  il  a  fouvent  averti  qu’il  n’  employoit  ce  terme  que  pour  defigiier  un  fait, 
&  non  point  une  caufe.  Vid.  Jjiron.  Fhyf.  par  Gamadrcs.  p.  34S. 
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author.  “  It  is  to  be  obferved  ( fays  he )  that  when  we  ufe 
“  the  terms  attraEimt  or  gravitatio?t^  we  do  not  thereby  de- 
‘‘  termine  the  phyfical  caufe  of  it,  as  if  it  proceeded  from 
“  fome  fuppofed  occult  quality  in  bodies ;  but  only  ufe  thofe 

terms  to  fignify  an  effecfl,  the  caufe  of  which  lies  out  of 
“  the  reach  of  our  philofophy.  We  may  fay  that  the  earth 
‘‘  attradls  heavy  bodies,  though  at  the  fame  time  we  are 
“  wholly  ignorant  whether  this  is  effected  by  fome  power 
“  actually  exifting  in  the  earth  or  in  the  bodies,  or  external 

to  both.  ’  ” 

Now  although  attraSiion  be  an  unhappy  word  by  which  to 
exprefs  an  effed:,  yet  if  Mr.  Rowning  were  confiftent  with  him- 
felf  in  this  matter,  and  carried  the  thing  no  farther,  it  would 
be  well  enough  :  but  the  contrary  will  foon  appear,  from 
a  few  fhort  remarks  upon  this  paffage.  When  we  ufe  the 
terms  attraSiion  or  gravitation^  we  do  not  thereby  determine 
the  phyfcal  caufe  of  it.  Of  what  ?  of  attraction  ?  that  is 
not  the  thing  required.  We  only  delire  to  know,  whether 
attraction  really  exifts  in  nature,  as  a  force  or  aCtive  prin¬ 
ciple  ;  and  whether  we  are  to  underftand  it  as  a  caufe  of  na¬ 
tural  effects }  or  whether  it  be  barely  the  phoenomenon  of  a 
tendency  or  motion,  the  caufe  of  which  is  yet  to  be  fought 
after  ?  It  can  never  be  expeCted,  that  the  word  attraSiion 
fhould  be  expreilive  of  its  own  caufe ;  efpecially  if  it  be  one 
of  Dr.  Cotes\  moft  fmple  of  caufes^  and  fuch  as  hath  no  de¬ 
pendence  upon  any  other  f.  The  complaint  is  this ;  that  at¬ 
traction  is  propofed  to  us  as  an  effeCt ;  but  if  once  admit¬ 
ted,  it  is  thenceforward  forced  upon  us  as  a  caufe ;  as  a  fo- 
lution  of  every  difficulty ;  while  attraction  itfelf  is  the  great- 

*  Vol.  I.  p.  17. 
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eft  difficulty  of  all.  That  it  is  applied  as  a  caufe  by  Mr. 
Rowningy  I  ffiall  ffiew  hereafter  ;  that  it  is  not  to  be  under- 
ftood  as  an  effedl,  may  be  proved  from  his  own  definition 
of  it.  “  Matter,  fays  he,  has  alfo  certain  powers  or  aSiive 
prmciples^  known  by  the  names  of  attraEiion  and  repiil- 
Jion^  impreffed  upon  it  by  the  author  of  its  being,  for  the 
“better  performance  of  the  offices  for  which  it  was  defign- 
“  ed  If  attradion,  as  the  author  fays  elfewhere,  be  a 
term  ufed  only  to  fignify  an  effeEi ;  how  comes  it  to  be  here 
defcribed,  as  a  power  or  aEiive  principle  \  which  are  appel¬ 
lations  utterly  repugnant  to  the  notion  of  a  natural  effeEi  ? 
can  an  effed  perform  offices^  and  be  aEiive  toward  the  pro- 
dudion  of  an  effed  ?  that  furely  muft  be  the  work  of  an 
agent  or  phyfical  caufe  ;  and  attradion  muft  undoubtedly 
be  taken  for  fuch,  if  it  can  be  proved  to  perform  any  phy¬ 
fical  offices.  But,  fays  Mr.  Rowning  “  we  are  wholly  ignorant 
“  whether  this  is  effeded  by  fome  power,  adually  exifting 
“  in  the  earth,  or  in  the  bodies,  or  external  to  both.”  And 
here  he  feems  to  have  forgotten  his  own  definition  of  attrac- 
tion ;  it  being  a  power  impreffed  tipott  matter ;  others  fay, 
it  is  in  the  matter,  and  that  the  point  has  been  demonf  ra¬ 
ted,  But  if  after  all  this,  we  are  wholly  ignorant,  whether 
it  be  within  the  matter,  or  without  it,  the  obfcurity  of  the 
whole  becomes  invincible,  and  attradion  can  ferve  only  to 
raife  a  duft. 

Truth,  it  is  faid,  is  not  to  be  fpoken  at  all  times :  but 
fometimes  one  cannot  proceed  a  ftep  without  fpeaking  it, 
and  that  is  my  cafe  at  prefent.  Attradion  then,  as  Mr.  Rown¬ 
ing  and  others  have  defined  it,  is  an  occult  quality^  an 

affeElio^  facultas  naturalis^  vis  infita^  or  any  thing  in 
that  way.  But  to  avoid  the  imputation  of  this,  fome  after- 

f  Ibid,  p.  12. 


thought 


70  ATTRACTION  and  GRAVITY 

thought  is  generally  added,  to  take  off,  as  it  were,  and  qua¬ 
lify  the  fenfe  of  their  definition*’;  which  renders  the  cale  ftill 
worfe.  For  if  you  aflert  pofitively,  that  matter  has  an  ac¬ 
tive  principle  or  power  in  it ;  and  afterwards  confefi,  you 
cannot  tell  what  it  is,  where  it  is,  nor  the  manner  in  which 
it  produces  any  fingle  effedl,  or  whether  it  produces  any 
effed:  at  all ;  then,  if  ever  there  was  an  occult  quality  main¬ 
tained  in  the  fchools,  attraction  muff  be  fuch  a  quality  ; 
and  Dr.  Friend  has  allowed  us  the  liberty  of  fo  underfland- 
ing  it. 

Bur  I  promifed  to  fliew,  that  although  Mr.  Rowning  be  in 
doubt  what  to  call  his  attraction,  yet  in  practice  he  applies 
it,  not  as  the  phoenomenon  itfelf^  but  as  the  caufe  of  it,  and 
for  the  purpofes  of  explanation.  The  rife  of  the  water  in 
‘‘  capillary  tubes  (fays  he)  is  manifeftly  owing  to  the  attrac- 
“  tion  of  thofe  particles  of  the  glafs,  which  lie  in  the  inner 
‘‘  furface  of  the  tube  immediately  above  the  water  In  his 
account  of  which  experiment,  we  have  two  things  clearly 
diftinguifhable  one  from  the  other  :  the  rife  of  the  water  in 
the  tube^  and  the  attraElion  of  the  particles  that  lie  in  the 
mner  furface  of  the  glafs.  The  former  is  the  effecSl  mani- 
feft  to  fenfe ;  the  latter  is  the  caufe  to  which  it  is  manifeftly 
owing.  If  it  Ihould  be  fufpecfted  that  I  mifunderftand  him  ; 
then  I  fay,  ^  attraction  muft  be  either  the  caufe  or  the  effect : 
if  it  be  the  effect,  then  to  affirm  that  the  rife  of  the  water 
is  manifeftly  owing  to  attraction,  is  but  to  fay  in  other  words, 
that  the  effeSl  is  manifefly  owing  to  the  effeB.  If  it  be  taken 
for  the  phyfical  caufe,  and  I  ftiould  deny  the  reality  of  its 
exiftence,  how  would  you  prove  it  ?  you  will  refer  me  per¬ 
haps  to  the  phcenomenon,  for  that  is  the  common  way  of  rea- 
foning,  and  tell  me  I  cannot  help  feeing  it.  But  attraction 

*  V.  I.  p,  13. 
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is  not  the  phoenomenon ;  it  is  Mr.  Rowntngs  explanation  of 
it.  The  phoenomenon,  evident  to  fenfe,  is  only  the  rifing  of 
the  water ;  the  attraction  of  the  glafs^  not  evident  either  to 
fenfe  or  reafon,  is  fet  down  as  the  caufe  to  which  it  is  ma- 
nifeftly  owing ;  and  this  caufe,  as  the  author  hath  affirmed 
in  another  place,  is  a  term  ufed  only  to  fignify  an  effedt. 

The  nature  of  attraction  is  fuch,  that  we  have  fucceeded 
but  very  indifferently  in  this  part  of  our  enquiry,  as  I  could 
plainly  forefee  we  fhould.  The  fubject  is  involved  in  an  ob- 
Icurity,  either  ftudied  or  unavoidable ;  and  in  all  the  paf- 
lages  I  have  been  able  to  collect  and  compare,  there  is  fome- 
thing  that  appears  like  a  flight  of  hand,  whereby  the  effect 
is  fhifted  into  the  place  of  the  caufe.  As  I  am  unable  to 
draw  any  doctrine  from  the  whole  with  precifion,  it  will 
be  befl;  to  introduce  the  authors  giving  their  verdicts  in  their 
own  words,  and  leave  the  reader  to  his  own  judgment. 

Sir  Ifaac  Newton,  Gravity  exifts  and  acts.,” 

D  R.  Friend,  “  In  explaining  gravity,  Newton  has  de- 
“  monftrated  it  to  arife  from  an  attractive  forced 

M,  Maupertuis,  It  ffiould  be  remembered  in  juftice  to 
Sir  Ifaac  Newton^  he  has  never  confedered  attraction  as  an 
explanation  of  gravity.  He  confiders  it  not  as  a  caife^  but 
as  an  effect,” 

D  R.  Cotes,  “  Gravity  is  the  moft  fimple  of  caifes,” 

D  R.  Clarke,  ‘‘  It  has  often  been  diftindtly  declared,  that 
‘‘  by  the  term  attraction^  we  do  not  mean  to  exprefs  the 
“  caufe  of  bodies  tending  toward  each  other,  but  barely  the 
‘‘  effect ,,  the  effect  itfelf^  the  pheenomenon,^  or  matter  of  fact,” 

•  Dr.  Defaguliers,  Attraction  feems  to  be  fettled  by  the 
“  great  creator  as  the  frjl  of  fecond  caufes,”  . 

M  R. 
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M  R.  Rowntng,  ‘‘  When  we  life  the  term  attr action ^  we 
‘‘  do  not  determine  the  phyhcal  caiife  of  it,  but  ufe  it  to 
“  fignify  an  effect :  neverthelefs,  to  attradlion  effedls  are  ma- 
nifejlly  owing^ 

Sir  Ifaac  Newton*  ‘‘  There  are  agents  in  nature  able  to 
make  the  particles  of  bodies  ftick  together  by  very  ftrong 
attractions^  and  it  is  the  buhnefs  of  experimental  philofo-  - 
phy  to  find  them  out^ 

Dr.  Defaguliers*  ‘‘  We  are  not  follicitous  about  the  caufe 
of  attraction^ 

D  R.  Friend*  “  I  believe  attraction  will  always  be  oc- 

“  cuUy 

This  is  the  refult  of  my  enquiry :  and  if  any  perfon 
fhould  be  fo  inclined,  he  is  welcome  to  lay  all  the  blame 
upon  my  want  of  underftanding.  But  if  thefe  learned  men, 
who  are  all  vindicating  the  felf  fame  principles  of  philofo- 
phy,  had  no  clear  ideas  of  what  they  affirmed,  and  could 
not  underftand  one  another ;  it  is  no  wonder,  if  the  world 
fhould  be  at  feme  lofs  to  underftand  them. 


CHAP. 
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CHAP.  in. 

AttraBion^  a  material  force  in  the  judgment  of  fome  au¬ 
thors  ;  an  immaterial  force  in  the  judginent  of  others  ; 
ai^d  fometimes  both  one  a7td  the  other  in  the  judgfneiit  of 
the  fame  author, 

WE  have  yet  a  third  queftion  to  fettle,  viz,  whether 
attraBion  be  a  material  force,  or  an  immaterial 
one  ?  and  here  we  {hall  have  the  fame  fcene  as  before ;  this 
point  being  left  equally  undetermined  with  the  former.  In¬ 
deed  nothing  can  be  more  evident,  than  that  Sir  Ifaac  New- 
tony  great  as  he  was,  hath  offered  to  the  world  his  thoughts 
on  a  queftion  of  much  importance,  and  taken  both  fdes  of 
it.  It  is  difagreeablc  to  me  to  fay  this ;  but  it  muft  be  faid, 
becaufe  it  is  certainly  true ;  and  I  cannot  go  forward  with¬ 
out  faying  it.  This,  as  we  fhall  find,  has  divided  his  fol¬ 
lowers  ;  and  their  dilputes  with  each  other  in  regard  to  firft- 
principles  and  fundamentals,  have  as  great  an  appearance 
of  fallibility  and  uncertainty,  as  other  difputes  ufed  to  have, 
before  the  fcience  of  natural  philofophy  was  enriched  with 
demonftration  :  of  which  I  (hall  exhibit  a  notable  inftance, 
from  the  writings  of  the  celebrated  Mr.  Maclauriny  and  his 
antagonift,  the  author  of  an  enquiry  into  the  nature  of  the 
hu7nan  fouL 

But  firft  let  us  attend  to  Sir  Ifaac  himfelf.  There  is  a 
paffage  in  his  opticsy  wherein  he  allows,  that  what  he  im¬ 
putes  to  attraction  may  be  performed  by  hnpulfe  Dr. 
Clarke  in  his  notes  on  Rohault  cites  this  paffage ;  and  left 

*  P.  35^- 
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we  fhould  take  the  impulfe  here  fpoken  of,  to  be  that  of 
fome  intervening  77tatter  ;  he  inierts  by  way  of  comment 
—  77on  utique  co7^poreo  —  declaring,  that  this  hTjptdfe  is  ?iot 
corporeal ;  or,  in  other  words,  that  it  is  not  the  impulfe  ot 
any  material  agent.  We  have  the  fame  fentiment  from  him 
upon  another  occahon  —  It  is  now  allowed  on  all  hands, 
that  gravity  does  not  depend  on  the  action  of  the  air  or 
cether^  but  is  a  primigenial,  innate,  and  unchangeable,  af- 
“  fedion  of  all  matter  -f.”  This  is  in  anfwer  to  the  great 
Dr.  Wallis^  who  was  of  another  mind.  He  fufpeded  that 
gravity,  though  ufually  taken  for  a  primary  quality,  might 
be  owing  to  the  percujjion  of  fome  impelling  matter,  and 
propofed  a  fhrewd  cafe  to  countenance  his  opinion  :  but  I 
forbear  to  fay  any  thing  farther  of  it  in  this  place. 

Mr.  Rownmg^  who  has  laid  down  the  received  philofo- 
phy  with  as  much  diligence  and  fidelity  as  any  man,  hath 
affirmed  nothing  fo  expreflly,  as  that  thefe  diJpofitioTts  in 
“bodies  (fuch  he  calls  gravitation,  attradion  &c.)  are  not 
the  refult  of  any  mechanical  caufe  whatever;  that  is,  fuch 
“as  may  arife  from  the  adion  of  any  material  fubftancej.” 
And  he  has  treated  his  mathematical  readers  with  a  demon- 
ftration,  proving  the  impoffibility  of  it.  Profefibr  S’  Grave- 
fande^  from  whofe  great  abilities  we  might  have  expeded 
fbmething  more  fatisfadory,  unhappily  fell; into  the  fame 
way  of  reafoning;  and  gave  a  geometrical  demonftration  (as 
he  thought)  that  the  fpherical  figure  of  a  drop  of  water  can¬ 
not  be  occafioned  by  the  equal  prejfure  of  any  fluid  medium, 

•f-  Verum  cum  jam  in  confeflb  fit,  gravitatem  non  ab  acre  tethereve  pendere,  fed  efle  primi- 
g€niam,  connatam,  immutabilemque  materiae  &c.  p.  6i. 

X  Pref.  p.  6.  Dr.  Co/es  hath  affirmed  the  fame,  in  his  preface  to  the  fecond  edition  of  the 
Principia  —  Cra-vitas  —  ex  aliis  corporum  affe£iioniius  atqme  adeo  ex  caujis  mechanicis  originem  non 
habet.  p.  9. 
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More  authorities  to  the  fame  purpofe  might  eafily  be  pro¬ 
duced  ;  but  this  dodrine  hath  been  fo  largely  and  confi¬ 
dently  maintained  by  fo  many  writers,  that  I  muft  have  the 
affent  of  the  learned,  if  I  fet  it  down  as  a  dodrine  of  Sir 
Ifaac  Newton, 

But  then,  on  the  contrary,  it  is  to  be  remembered,  that 
this  introducing  of  immaterial  impulfes  into  the  world  of 
matter,  firft  raifed  a  clamour  againft  his  philofophy,  as  tend¬ 
ing  to  revive  all  thofe  occult  qualities,  which  had  been  fo 
happily  banifhed,  but  a  while  before,  from  all  books  of  na¬ 
tural  philofophy.  To  obviate  this,  and  to  fhew^  as  the  au¬ 
thor  exprefles  himfelf,  ‘‘  that  he  did  not  take  gravity  for  an 
effential  property  of  bodies,’’  he  added  a  quejlion  concem- 
ing  its  caufe^.  This  caufe  he  fuppofes  to  be  a fubtil  csthe7dal 
medium  —  readily  pervading  all  bodies  —  expanded  through 
all  the  heavens  —  cauji7tg  the  gravity  of  thofe  great  bodies 
( the  fun,  planets,  comets  &c. )  towards  one  another^  and  of 
their  parts  toward  their  bodies  —  and  fuch  as  may  fufjice  to 
impel  bodies  frofn  the  denfer  parts  of  the  medium  toward  the 
rarer  with  all  that  power  which  we  call  gravity  This,  I 
fay,  is  propofed  as  a  material  caufe.  For,  is  it  not  a  me¬ 
dium^  capable  of  rarity^  and  denfty^  fubjed  to  a  kind  of 
vibrations  or  pulfes?  and  an  immaterial  fnedium  would  be 
an  ens  rationis^  a  philofophical  fpedre,  a  contradidion  in 
terms. 

Here  then,  we  have  two  different  fyflems  of  philofb- 
phy.  According  to  the  former  of  them,  all  the  operations 
of  nature  are  conduded  by  the  means  of  unmechanical  and. 
immaterial  impulfes  in  a  vacuum ;  but  according  to  the  lat¬ 
ter,  they  have  as  their  immediate  caufe^  an  cether  expanded 

f  See  Opt.  18.  19.  20.  21.  ^ 
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through  all  the  heavens :  and  he  that  fliall  take  up  either 
with  the  one  or  the  other,  or  with  the  one  againft  the  other, 
will  have  Sir  Ifaac  Newton  on  his  lide.  But  whoever  fhall 
affume  them  both  as  true,  will  bring  himfelf  into  great  dif- 
trefs  and  difficulty. 

This  was  the  fate  of  the  ingenious  Mr.  Maclaurin^  a 
learned  and  elegant  writer,  who  undertook  a  formal  defence 
of  the  Newtonian  hypothefis  againft  all  the  objeftions  that 
had  been  made  to  it ;  and  was  well  qualified,  if  any  man 
could  be  fo,  for  the  undertaking.  He  underftood  his  fubje61: 
perfedlly ;  and  was  fenfible  he  could  never  do  juftice  to  the 
principia^  without  baniffiing  all  material  caufes  from  the 
heavens.  This  he  attempts  to  do,  though  it  is  frequently 
with  fome  referve,  in  feveral  parts  of  his  treatife ;  particu¬ 
larly  in  the  following  words  —  as  for  a  more  fubtil  me- 
‘‘  dium  than  the  air,  no  experiments  nor  obfervations  fhew, 
‘‘  that  there  is  any  here,  or  in  the  celeftial  fpaces,  from  which 
‘‘  any  fenfible  rejijlance  can  arife  Mr.  Maclaurin  was  very 
well  inclined  to  admit  a  material  agency  in  fubordination  to 
the  firft  caufe  f ;  but  this  falfe  dodlrine  of  rejijlance  tied  up 
his  hands;  otherwife  his  work  might  have  been  all  of  a 
piece.  As  it  ftands  now,  the  moft  valuable  paflages  in  it, 
are  fo  many  contradidtions  to  all  the  reft.  After  what  he 
has  faid  above  who  would  expedl  to  hear  him  refled:  upon 
“  others,  who  while  they  overlook  the  intermediate  links  in 
‘‘  the  chain  of  caufes^  and  haftily  refolve  every  principle  into 
‘‘  the  immediate  influence  of  the  firft  caufe,  impair  the  beauty 
‘‘  of  nature,  put  an  end  to  our  enquiries  into  the  mofl  fub-- 
‘‘  lime  parts  of  philofophy^  and  hurt  thofe  very  interefts  they 
“  would  promote  J.”  They  do  fo  moft  undoubtedly :  but 

'  *  p.  294. 
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hath  not  the  mathematical  philofophy  this  tendency  ?  doth  it 
not  oblige  us  to  deny,  againfl:  reafon  and  our  better  know- 
lege,  that  any  experiments  or  obfervations  Jhew  that  there  is 
a  medium  more  fubtil  tha7i  air  P  hath  not  Mr.  Maclaurin 
himfelf  denied  it  in  thefe  very  words  ?  And  elfewhere  in  the 
moft  categorical  terms,  he  hath  afferted  an  abfolute  vacuum 
—  ‘‘  Sir  Ifaac  Newton  s  philofophy  (fays  he)  has  fhewn,  that 
“  not  only  there  may  be,  but  that  there  aEiually  is  a  va- 
“  cuum  —  that  matter  appears  to  occupy  but  a  very  fmall 
portion  of  jfpace  If  this  fhould  be  true,  what  becomes 
of  his  chain  of  caufes  P  for  if  there  be  no  medium  concerned 
as  a  fecondary  caufe  in  the  motion  of  the  planets  &c.  it  fol- 
fows  unavoidably,  that  there  muft  either  be  inherent  and 
fclf-moving  powers  in  matter ;  or  that  the  influence  of  the 
firft  caufe,  muft  be  i7n7nediate ;  for  there  is  nothing  elfe  re¬ 
maining,  and  then  Mr.  Maclaurm  s  chain  will  confift  but  of 
one  link.  This  is  the  opinion,  which  he  thinks,  muft  put 
an  end  to  our  enquiries  into  the  77tof  fublime  parts  of  philofo¬ 
phy.  And  left  it  fhould  be  fulpeded,  that  Sir  Ifaac  s  me¬ 
thod  of  philofophizing  has  introduced  i7n7naterial  powers 
and  occult  qualities,  we  are  aflured  by  this  author,  that  “he 
“  does  never  affirm  or  inflnuate  that  a  body  can  aB  upon 
“  another  at  a  difiance ^  but  by  the  intervention  of  other  bo- 
“  dies-f.”  But  his  zeal  hath  carried  him  a  little  beyond  the 
truth :  the  thing  he  here  denies,  being  much  more  than  in- 
finuated  in  thefe  words  —  “  Have  not  the  fmall  particles  of 
bodies  “  certain  powers^  virtues,  or  forces,  by  which  they 
“  aSi  at  a  dijiance^  not  only  upon  the  rays  of  light  —  but 
“  alfo  upon  one  another,  for  producing  a  great  part  of  the 
“  phcenomena  of  nature  ?  for  it  is  well  known  that  bodies 
aSi  upon  one  atiother  by  the  attra&io7is  of  gravity”  8cc  J. 

•  P.77.  t  P.  109.  X  Opt.  0^31. 
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Attraction,  as  a  power  ad:ing  at  a  dijlance^ here 
left  in  full  poffeflion ;  not  a  fyllable  being  inferred;  as  I  can 
find,  concerning  the  mtervention  of  other  bodies.  If  this  in¬ 
tervention  were  admitted,  how  would  it  agree  with  what 
Dr.  Clarke  has  fo  frequently  inculcated,  throughout  his  notes 
on  Rohatdt\  phyfics  ?  He  fticks  not  to  afl'ert  zvL-impulfu^ 
non  utique  corporeus^  and  an  aBio  caufe  cujufdam  im?nate- 
rialis — per  interjeclu?n  aliquod  mtervallum  &c.  fee  p-  50. 
Befides,  the  fenfe  of  the  whole  paflage,  would  be  overthrown 
by  Mr,  Maclaurm\  fuppofition  ;  'for  if  other  bodies  inter¬ 
vene,  then  attradlion  will  not  be  a  power  adling  at  a  dif- 
dance^  but  by  a  communication  of  bodies  that  are  in  con- 
tad:.  The  author  (Sir  Ifaac  Newton)'  indeed  inform  us 
a  while  after^  that  he  ufes  this  word  to  fignify  only  in  gene¬ 
ral  any  force  &c.  but  this  does  not  alter  the  cafe :  for  let 
it  be  a  force  in  general,^  yet  it  hath  this  particularity  in  it, 
that  it  acts  at  a  diflance,^  which  is  the  nature  of  an  occult 
quality^  and  is  the  very  thing  that  has  all  along  been  objed- 
ed  to.  And  though  Mr.  Maclaurin  hath  taken  great  pains 
to  get  handfomely  rid  of  this  unintelligible  power,  yet  is  the 
exiftence  of  fuch  a  powder  abfolutely  neceflary  upon  his  own 
principles.  Sir  Ifaac y  lie  lays,  hath  fhewn,  that  there  actually 
is  a  vacuu7ny  and  that  parts  of  matter  are  actually  divi¬ 
ded  and  feparated  from  each  other  :  after  which  it  would  be 
Ilrange  indeed,  if  they  were  to  aEi  otherwife  than  in  this 
ftate  of  divifon  and feparationy  that  is,  at  a  diflance.  When 
he  fuppofes  other  matter  to  intervenCy  till  the  adion  will  con- 
fift  with  mechanifm,  he  apologizes  for  a  vacuumy  at  the  ex¬ 
pence  of  the  principle  itfelf ;  which  by  this  means  is  turned 
into  a  plenumy  whether  the  author  was  aware  of  it  or  not. 

*  Ibid.  . 
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H  ow  unfeafonably  therefore  v/as  it  obferved  by  Mr.  Ma~ 
claurm^  that  ‘‘  poffibly  fome  unlhilful  men  may  have  fan- 
‘‘  cied,  that  bodies  might  attrad;  each  othfr  by  fome  charm 
“  or  unknown  virtue^  without  being  impelled  or  aEied  upon 
by  other  bodies  for  if  this  was  not  a  fancy  of  Sir  Ijaac 
Newton  himfelf,  in  common  with  fome  of  the  moft  fldlful 
of  his  followers,  the  plained:  englifh  can  have  no  meaning. 
I  know  very  well,  his  writings  contain  many  pafl'ages  which 
feem  to  have  a  contrary  meaning :  and  his  difciples  find  fuch 
an  advantage  in  this,  that  they  have  an  anfwer  ready  upon 
all  occafions.  For  example,  if  you  fuppofe  the  world  to 
be  ruled  by  a  fubordination  of  material  inftruments,  in  op- 
pofition  to  Sir  Ifaacs  vacuum  ;  then  you  are  told,  there  is 
no  7Jiediu7n  more  fubtil  tbati  air  ;  that  the  heavens  are  void  of 
all  fenfble  matter  \  and  it  is  demonftrated  againfl:  you  gecn 
7netrically^  that  attradlion  ca7inot  arife  fro7n  the  action  of  any 
material  fubftance  whatfoever.  If  you '  fhould  lay  hold  of 
this,  and  objedt  to  attradlion  as  a  principle  occult  and  unphi- 
lofophicaly  then  it  is  only  the  fancy  of  fome  U77jkilftd  men  ;  and 
Sir  Ifaac  Newton  has  plamly  fig77ified^  that  he  thought  that  thofe 
powers  arofe  from  the  impuljes  of  a  fubtil  cethe7'ial  7nediu?7i 
tlxit  is  diffufed  oa>er  the  univerfe^.  Thus  you  are  confuted 
either  way;  and- your -reafoning  is  reprefented  as  crafty^  dif~ 
ingenuous^  and  unworthy  of  a  philofopher  J. 

B  y  this  artifice,  Mr.  Maclaurin  would  have  quieted  all 
our  fcruples ;  but  feems  to  have  mifcarried  in  the  attempt, 
having  been  obliged  to  contradidt  his  author  in  ter7ninis ;  and 
I  may  add,  hhnfelf  alfo  ;  as'  it  hath  been  fully  proved  againfl: 
him  by  Mr.  Baxter^  the  author  of  an  appendix  to  an  enquiry 
into  the  nature  of  the  hu7na7i  fouL 

*  Vbi /up.  -f-  Maclaurin' s  Phil.  Difc.  p.  ill.  J  See  p.  iio. 
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There  are  two  different  modes  of  philofophy  before  us, 
both  of  which  have  Sir  Ifaac  Newton  at  the  head  of  them. 
Mr.  Maclaurin^  by  efpoiifing  them  bothy  fell  upon  various 
contradidlions.  Mr.  B  —  is  more  cautious ;  and  hath  writ¬ 
ten  with  fome  warmth  on  one  fide,  againft  Mr.  Maclaurm 
who  is  on  both  lides.  Where  the  latter  hath  really  laid  him- 
felf  open,  he  makes  good  ufe  of  the  opportunity ;  without 
confidering  where,  and  upon  whoniy  his  cenfures  will  at  laft 
be  fixed  He  is  clearly  of  opinion,  that  the  material  caufes, 
occafionally  introduced  by  his  adverfary,  are  utterly  incon- 
flftent  with  what  is  eftablifhed  in  the  principia  ;  and  is  there¬ 
fore  a  declared  enemy  to  all  fuhtil  mattery  even  to  that  cether 
of  Sir  IfaaCy  for  which  Mr.  Maclaurm  hath  pleaded  as  hand- 
fbmely  as  the  nature  of  the  thing  would  admit.  “Men  of  lei- 
“  fure  (he  fays)  have  amufed  the  world  with  wrangling  and 
“  conteft  —  by  a  fucceflion  of  fuhtil  matters  from  the  earlieft 
“  times  —  But  it  requires  only  plain  fenfe,  and  a  love  truth, 
“  to  fee  through  the  ifnpofition  -f.  It  is  “  injurious,  he  thinks, 
“  to  that  great  man’s  reputation,  to  bring  in  his  authority 
“for  a  thing  which  he  afks  only  by  way  of  a  query y  as  if 
“  he  had  been  pofitive and  that  it  is  “  an  ill  office  done 
“  to  his  memory.”  But  this  is  a  reflexion,  which,  in  my 
humble  opinion,  his  adverfary  did  not  deferve  ;  and  it  fhould 
be  confidered  in  •  his  vindication,  that  though  a  query  may 
ffiew  Sir  Ifaac  not  to  have  been  poftive  about  the  manner 
in  which  his  medium  ads ;  moft  certainly  it  doth  alfo  fhew, 
he  was  not  pofitive  that  no  fuch  thing  exifted  ;  efpecially 
as  he  hath  mentioned  an  experiment  to  prove  the  exiftence 
of  a  fubtil  matter  which  has  never  yet  been  anfwcred  J.  By 
what  authority  then  is  this  writer  fo  pofitive?  and  what 
will  be  the  confequence  of  it,  when  it  requires  only  plain 


*  See  append,  the  note  at  p.  113.  f  P.  66. 
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fenfe,  and  a  love  of  truths  to  fee  that  he  is  difputing  for  one 
half  of  Sir  Ifaac  Newton^  againft  the  other  half?  The  au¬ 
thority  of  that  great  man  is  indeed  like  to  be  killed,  not  by 
the  malice  of  his  enemies,  but  by  the  kindnefs  of  his  friends ; 
if  fome  of  them  think  an  ill  office  is  done  to  his  memory^ 
while  others  think  they  are  offering  the  only  expedient  vin¬ 
dication  of  it. 

This  learned  author  prefents  us  with  the  attraSlion  of 
cohefon^  as  an  univerfal  phcenomenon^  that  ought  to  filence  the 
advocates  for  material  caufes  in  all  cafes  ^ ;  and  promifes  to 
be  filenty  if  all  the  philofophers  upon  earth  can  account  for  it^ 
otherwife  than  by  the  power  of  the  Deity  immediately  interefed 
8cc.  He  judges  it  very  uiiartful  to  fuppofe  the  Deity  employing 
one  part  of  matter  to  tnove  or  direSi  another  part  of  it  f, 
though  we  fee  it  done  every  day  of  our  lives.  —  And  that 
no  fubtil  tnatter  can  adt  as  the  caufe  of  gravity^  unlefs  it 
knows  what  it  is  doing  J.  Thefe  and  fome  other  difficulties 
of  the  fame  fize,  he  thinks  to  be  fo  great,  that  there  is  720 
fibterfuge  :  though  it  might  eafily  be  fhewn,  there  is  not 
one  cafe  of  any  concern  rightly  ftated  throughout  his  whole 
book ;  and  that  every  article  he  has  built  upon  is  confuted 
by  experience.  Thefe  confiderations,  I  prefume,  tempted 
Mr.  Maclaurin  to  pafs  fentence  upon  his  whole  fyftem  in 
thefe  words  —  ‘^He  has  done  this  valuable  fervice,  that  while 
‘‘  he  vainly  imagined  he  improved  or  compleated  it,  he  really 
“  opened  up  the  fallacy,  and  reduced  it  to  an  abfurdity.” 

I  propofed  it  as  a  queftion,  whether  attraction  be  a  ma¬ 
terial  force  or  an  immaterial  one  ?  and  we  have  now  con- 
fulted  thofe  writers,  who  ought  to  have  fettled  the  point  for 
us.  If  Sir  Ifaac  hath  really  efablijhed  any  thing  on  either 

*p.  62.  tP.49.  tP-ii;.  **  Ibid. 
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fide,  in  regard  to  phyfical  caufes,  it  is  aftonifhing  his  follow¬ 
ers  have  not  fixed  upon  it,  and  recommended  it  to  the  pub- 
lick  with  one  confent ;  elpecially  if  there  be  any  thing  of 
importance  depending  upon  it.  But  if,  on  the  other  hand, 
the  fentiments  of  their  matter  have  given  occafion  to  thefe 
difputes,  and  his  writings  have  furnifhed  them  with  argu¬ 
ments  on  both  fides ;  then  he  himfelf  is  chargeable  with 
fome  inconfittency ;  and  a  general  agreement  among  them, 
in  fuch  a  cafe,  would  be  as  much  to  be  wondered  at.  That 
this  latter  is  the  true  caufe  of  all  their  difagreement,  will  be 
evident' to  any  reader,  who  is  not  fo  far  influenced  by  the 
current  authority,  as  to  be  deterred  from  making  ufe  of  his 
own  realbn.  For  if  you  learn  from  one  page,  that  it  is  part 
of  the  bufinefs  of  a  philofopher  to  unfold  the  mechantfm  of 
the  world  and  that  an  cetherial  medium  may  fujfice  to  im¬ 
pel  bodies  f ;  in  another  it  is  hinted  to  you,  that  the  final! 
particles  of  bodies  may  have  certain  powers  by  which  they 
aEi  at  a  ddfance  —  by  attraSiions  J.  If  you  are  informed  in 
one  place,  that  when  the  rays  of  light  are  refledled  from  the 
fecond  furface  of  a  glafs  laid  upon  an  exhaufed  receiver^ 
this  total  reflexion  ought  to  proceed  from  the  vigour  and 
denflty  of  the  medium  beyond  the  glafs  ;  only  obferve  where 
the  fame  experiment  is  mentioned  in  another  place,  and  you 
will  find,  the  light  is  now  drawn  back,  and  that,  by  the 
power  of  the  glafs ^  *  there  being  nothing  elfe  to  turn  it  back  -f-t ; 
though  a  while  ago  there  was  a  medium  to  perform  this, 
endued  with  vigour  and  denflty.  It  is  fuggetted,  that  this 
mediwn  may  adl  upon  light  fo  as  to  refleEi  and  refra&  it  J J. 
and  that  the  light  in  its  turn  may  re-adt  upon  the  medium 
fo  as  to  flir  up  vibratio?7s  in  it :  but  foon  after,  it  becomes 

*  Opt.  ed:t.  p.  344.  t  t  0^31-  **  Q:.  ^9* 
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‘‘  inconceivable,  how  two  aethers  can  be  diffufed  through  all 
‘‘  fpace,  one  of  which  adls  upon  the  other,  and  by  confe- 
‘‘  quence  is  re-adled  upon,  without  retarding,  {battering, 

‘‘  difperfing,  and  confounding  one  anothers  motions 

I  could  multiply  inftances  of  this  fort,  wherein  the  cele¬ 
brated  author  has  pulled  down  with  one  hand,  what  he  had 
built  up  with  the  other  :  but  if  men  will  dare  to  ufe  their 
own  reafon,  as  I  faid  before,  they  may  ealily  obferve  thefe 
things  for  themfelves. 

If  we  go  from  Sir  Ifaac  to  his  followers,  there  the 
confufion  will  be  ftill  more  manifeft.  Drs.  Cotes^  Clarke^ 
rkrhamy  Keily  Friendy  DefagulierSy  Mr.  Rowning  See.  in- 
flrudl  us,  that  matter  has  power Sy  forcesy  principlesy  affeEiionSy 
propertiesy  imprejfed  upon  it,  fuperadded  to  it,  or  inherent 
in  it ;  and  that  God,  when  he  created  the  world,  infpirited 
the  materials  of  it  with  an  aSlive  quality.  This  was  the  ori¬ 
ginal  dodrine  of  the  mathematic  philofophy,  and  the  fenfe 
in  which  it  was  firft  embraced  by  the  learned.  As  it  gave 
birth  to  many  ill-favoured  reflexions,  it  is  now  almoft  out 
of  fafhion ;  and  Mr.  Maclaurin  rifes  up  to  vindicate  Sir 
IfaaCy  by  a  fubflitution  of  his  fubtil  osthery  as  the  mechanical 
and  immediate  caufe  of  all  that  had  been  falfly  imputed  to 
attra&ion  by  unjkiljul  men.  This  ftirs  up  the  indignation 
of  another  ;  who  out  of  the  highefl:  regard  to  the  jnemory  of 
Sir  IfaaCy  pulls  this  vindication  of  him  all  to  pieces,  repre- 
fents  it  as  worfe  than  none  at  all,  rejedls  all  fubtil  matter 
in  the  lump,  and  recommends  the  immediate  influence  of  the 
Deity y_2i^  the  grand  difeovery,  and  the  only  cure  for  all  dif- 
putes.  But  for  his  pains,  he  is  inftruded  in  his  turn,  that 
his  own  labours  have  only  ferved  to  ope?z  up  the  fallacy  of 

*  P- 339- 
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his  fcheme^  and  reduce  the  whole  to  a7t  abfurdity,  '  There  have 
been  heavy  complaints,  that  the  philofophy  of  Sir  Ifaac  hath 
been  depreciated  and  eve7t  ridiculed^.  And  is  it  not  enough 
to^difcompofe  the  mufcles  of  an*  hermit,  to  fee  men  thus  do- 
.torioully  contradidling  one  another,  and  all  gravely  pretend¬ 
ing  to  authority  and  demo7iJlration  /  They  tell  us,  there  has 
been  a  great  difcovery  of  late  years  in  natural  philofophy ;  it 
having  been  found  at  length,  after  the  world  had  been  in 
ignorance  for  many  ages,  that  all  matter  is  endued  with  at- 
tra8iion»  If  you  afk  them  what  they  mean  by  it ;  it  is  — 
an  innate  virtue  or  affedlion  of  matter ;  while  others  affirm, 
matter  can  have  no  fuch  affedions.  It  is  the  mofi:  limple 
of  caufes^  and  an  effeEl^  the  caufe  of  which  is  unknown ;  it 
is  owing  to  the  agency  of  a  fubtil  mediutn  ;  and  it  is  effedled 
by  the  i7n7nediate  influe?ice  of  the  Deity :  and  if  you  do  not 
believe  this  principle,  and  make  ufe  of  it  to  explain  every 
thing,  you  are  out  of  the  fafhion,  and  what  you  have  to  fay 
will  be  very  coldly  regarded. 

As  we  cannot  poffibly  believe  all  thefe  opinions,  we  are 
not  bound  to  believe  any  one  of  them  upon  the  bare  autho¬ 
rity  of  Sir  Ifaac  Newton,  If  we  are  to  receive  one  of  his 
opinions  in  this  way,  why  not  another  ?  the  authority  which 
is  broken  through  in  one  article,  will  at  leaft  be  queftioned 
in  every  other.  If  it  be  faid,  we  have  reafon  to  prefer  fome 
of  his  fentiments  to  others ;  then  we  are  influenced,  not  by 
authority,  but  by  reafon  or  evidence ;  and  hitherto  I  would 
willingly  bring  this  matter.  Reafon  and  evidence  muft  de¬ 
termine  us  at  laft,  though  the  fame  of  Sir  Ifaac  Newton 
were  as  univerfal  now  as  that  of  Arifiotle  was  formerly.  His 
warmeft  friends  take  this  liberty  with  him.  Mr.  Maclaurin 


*  Philof.  Difeov.  p.  110. 


Considered  at  Large.  85 

rejeds  his  immaterial  powers  aBtng  at  a  dijiance ;  Mr.  Baxter 
makes  as  free  with  his  medium,  yet  is  greatly  difpleafed  with 
his  adverfary  for  leffening  Sir  Jfaac\  authority.  But  they  treat 
the  publick  with  fome  diiingenuity,  if  they  would  overbear 
the  judgment  of  others  by  that  authority,  which,  as  it  ap¬ 
pears  from  their  own  pradice,  hath  had  fo  little  influence 
upon  themfelves.  They  chufe  their  own  lentiments,  as  in¬ 
clination  or  paflion  direds ;  and  then  delire  us  quietly  to 
reft  upon  the  authority  of  Sir  Ifaac\  though  one  of  thele 
has  robbed  him  of  his  attraEiion^  the  other  of  his  medium  \ 
and  thus,  between  them  both,  they  have  left  us  nothing  to 
follow. 

I F  the  learned  were  but  once  perfuaded,  that  God  doth 
govern  the  natural  world  by  a  delegation  of  material  inftru- 
ments,'  which  feems  to  have  been  one  of  the  opinions  of  Sir 
Ifaac^  at  leaft,  it  was  an  opinion  held  by  Mr.  Maclaurin  in 
his  name ;  and  could  be  brought  to  fee  any  errors  in  the 
dodrine  of  refiftance  ;  fomething,  I  am  convinced,  might 
yet  be  done,  either  in  this  or  the  fucceeding  age,  .to  render 
natural  ‘  knowlege  more  ferviceable  to  people  of  all  clafles 
than  it  is  at  prefent ;  chiefly,  becaufe  the  enquirers  of  thefe 
times  would  no  longer  have  their  hands  tied  up  by  an  ima¬ 
ginary  infallibility  in  thofe  who  have  gone  before  them ;  the 
admitting  of  which  has  always  been  attended  .with  fatal  ef- 
feds :  they  might  then  rejed  fuch  principles  as  are  mani- 
feftly  falfe,  and  put  a  Jiop  to  thBr  enquiries^  and  take  ad¬ 
vantage  of  the  reft  in  common. 

I  T  is  ftill  believed  however  by  very  many,  either  that 
matter,  though  inert,  is  endued  with  adive  qualities ;  or  . 
that  the  influence  of  the  Deity  is  immediate  in  the  produc¬ 
tion  of  all  natural  efleds.  By  the  former  of  thefe  pofltions, 
we  allow  to  dead  matter  a  power- that  is  denied  even  to  God 

him- 
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himfelT^:  by  the  latter  of  them,  we  are  direded  to  read 
nature  backward ;  to  begin  where  we  ought  to  have  ended ; 
and  in  fupport  of  fuch  procedure,  are  obliged  to  annihilate 
the  far  greater  half  of  the  creation.  I  fliall  therefore  go  on 
to  examine,  how  far  thefe  portions  are  fupported  by  ma¬ 
thematical  evidence. 


CHAP.  IV. 

♦ 

The  attraSiion  of  gravity,  underjiood  as  an  univerlal  property 
or  quality  in  the  farts  of  matter^  hath  received  no  proof 
from  geometry. 

WE  have  been  affured  from  every  quarter,  that  the 
modern  dodrine  of  phyfical  caufes  has  all  the  evi¬ 
dence  that  can  be  delired  from  experiment,  and  is  abun¬ 
dantly  confirmed  by  the  moft  ftrid  mathematical  reafbning. 
That  this  dodrine  deduced  analytically  from  obfervation; 
then  applied  fynthetically  to  the  explication  of  the  various 
phoenomena :  and  its  impregnability  in  thefe  refpeds  has  been  " 
boafted  of,  I  will  not  fay  infblently,  but  confidently  enough . 

I  am  fure,  by  all  its  admirers  great  and  fmall,  from  the  learn¬ 
ed,  who  think  it  refts  on  the  firm  bafis  of  geometry  itfelf, 
down  to  our  mere  Englijh  mathematicians,  who  declare  it  as 
their  opinion,  that  never  a  philofopher  before  Newton  ever  took 

*  Omniprsefens  eft  non  per  njirtutem  folam,  fed  etiam  per  fnhjlatitiam :  nam  virtus  fine  fub- 
ftantiu  fubfiftere  non  poteft.  NexQt,  prinaji.  fchol.  gen. 

i  .  •  <  .  . 
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the  method  that  he  did —  that  it  is  a  mere  joke  to  talk  of  a 
new  philofophy  —  and  that  in  thefe  unhappy  days  of  igno- 
ranee  and  avarice^  Minerv^a  has  given  place  to  Pluto,”  mean- 
iug  Pint  us 

These  pretenfions,  whether  of  the  learned  or  unlearned, 
deferve  a  ferious  examination.  Experiment  is  nothing  lefs 
than  matter  of  fa6i:,  which  if  not  mifreprefented^  is  the  beft 
fort  of  argument  in  the  world :  and  a  tncrthematical  conclu- 
fion,  if  deduced  from  real  data,  is  not  eafily  overthrown. 
Something  has  already  been  faid  of  mathematical  evi¬ 
dence,  in  the  former  part  of  this  treatile ;  therefore  I  have 
the  lefs  to  fay  of  it  in  this  place.  And  indeed,  very  little 
need  be  faid,  if  the  theory  of  rehftance  be  a  fallacy,  as  I 
have  fully  proved  it  to  be ;  for  that  is  the  thing  generally 
aimed  at  by  thofe,  who  fpeak'of  mathematical  demonftra- 
tions.  It  may  neverthelefs  be  ufeful  to  remark,  that  no  phy- 
fical  principles  whatever  can  poffibly  be  colledled  from  geo¬ 
metry.  Every  particular  fcience  hath  principles  peculiar  to 
itfelf,  and  independent  of  every  other.  No  example  can  be 
given  of  the  contrary,  within  the  whole  circle  of  the  fei- 
ences.  How  abfurd  would  it  appear,  if  we  were  told  of  the 
muhcal  principles  of  phyfic,  the  medicinal  principles  of  the 
civil  law,  the  grammatical  principles  of  aftronorhy  ?  &c. 
And  mathematical  principles  of  natural  philofophy,  if  phy- 
fical  caufes  are  fuppofed  to  be  included,  will  be  equally  un¬ 
natural  \  as  the  moft  fkilful  mathematicians  have  been  ready 
enough  to  confefs.  Geometry,  fays  Mr.  Maclaurin^  can 
be  of  little  ufe  in  natural  philofophy,  till  data  are  colledled 
to  build  upon  f.”  Thefe  data,  I  prefume,  are  to  be  ob- 


*  See  the  preface  to  Emer/on’s  treatife  on  mechanics.  The  book  is  very  ingenious  and  ufeful 
in  *its  way,  and  the  author  appears  to  underlland  his  fubjetfl ;  but  when  he  decides  thus  ma- 
gifterially  upon  phil  fophy  in  general,  it  is  —  futor  ultra  ertpidam,  f  P.  35. 
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tained  from  natural  philofophy,  as  a  fcience  circum {bribed 
within  its  own  proper  bounds.  A  method  of  inveftigation, 
ftridly  phylical,  fhould  firft  be  fubmitted  to  ;  and  the  refult 
of  that  be  examined  and  {ettled,  prior  to  all  that  can  be 
done  in  geometry ;  the  application  of  which,  may  be  of  ex~ 
cellent  ufe  to  illuftrate  and  adapt  to  particular  cafes  what 
hath  gone  before ;  but  will  add  neither  demonftratibn  nor 
confirmation  to  it.  For  a  geometrician  can  work  with  ima¬ 
ginary  or  hypothetical  forces  as  well  as  with  real  ones ;  the 
operation  will  go  on  as  fmoothly,  and  the  conclufion  come 
out  as  readily  in  one  cafe  as  in  the  other.  No  man  feems  to 
have  been  better  perfuaded  of  this,  than  Sir  ^ac  Newton 
himfelf.  His  followers  indeed  will  affure  us,  he  has  unde¬ 
niably  proved  one  Ipecies  of  attrablion  to  be  dilFufed  through 
the  whole  planetary  fyftem  But  the  author  himfelf  knew 
better.  He  declares  more  than  once,  that  the  principles,  laid 
down  by  him  in  his  demonftrative  work,  were  not  phyfical 
but  purely  mathematical  f,  as  the  title  implies :  and  with 
regard  to  gravity  or  attrablion  in  particular,  he  is  fo  far  from 
pretending  to  have  demonftrated  the  exiftence  of  any  real 
phyfical  caufe  under  that  terrh,  that  his  definition  of  it  is  fo 
loofe,  as  to  leave  us  quite  at  liberty  about  it.  We  may  take 
it  as  a  drawing,  an  impulfe,  or  a  tendency  of  any  kind  to¬ 
ward  a  centre.  When  he  confidered  it  phyfically,  he  thought 
a  medium  might  fuffice  to  .impel  bodies,  and  anfwer  all  the 
purpofes  of  that  attradion,  which  as  it  ftands  in  his  princi- 
pia,  is  a  caufe  barely  hypothetical.  Should  it  be  imagined, 
that  attradion,  as  a  caufe,  power,  or  principle,  had  been 
eftablifhed  by  demon ftration  ;  the  author  will  be  fet  in  a 
very  difad vantageous  light,  who  could  firft  demonjlrate  at¬ 
traction,  and  then  enquire  about  it. 

*  Friend.  Chym.  Lett.  p.  i8o.  f  P.  356. 
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But  there  is  one  circumftance  that  will  put  this  whole 
affair  out  of  doubt.  It  is  well  known,  that  the  attradlion 
fuppofed  in  the  principia,  is  mutual  between  all  bodies  what- 
foever.  If  the  earth  attracts  the  moon,  the  moon  in  its  turn 
attracts  the  earth ;  if  the  fun  attradls  the  planets,  the  pla¬ 
nets  alfo  attradl  the  fun ;  and  this  attradion  always  follows 
the  proportion  of  the  quantities  of  matter  in  the  at  trading 
bodies.  As  a  neceffary  confequence  of  this,  the  fun  will  be 
perpetually  (Lifting  its  place,  and  be  moved  fometimes  to  this 
(ide  of  the  common  center  of  gravity,  fometimes  to  that,  as 
he  happens  to  be  influenced  by  a  different  fituation  of  the 
planets 

N  owl  beg  leave  to  compare  this  with  what  is  faid  of 
an  aetherial  medium  in  the  treatife  of  optics.  This  medium 
is  fuppofed  to  be  rareji  at  the  body  of  the  fun ;  but  to  in- 
creafe  in  denflty  through  all  the  diftances  from  the  fun  to 
Saturn  and  beyond  ;  and  that  it  may  fufiice  to  impel  bodies 
from  the  denfer  parts  of  the  medium  toward  the  rarer,  with 
all  that  power  which  we  call  gravity  +.  All  this  is  very  juft  : 
the  prelfure  of  fuch  a  medium  will  undoubtebly  be  greateft 
on  that  Jide  of  the  planets,  which  is  turned  from  the  fun  ; 
and  all  bodies  will  naturally  be  carried  to  that  flde,  where 
the  preffure  is  weakeft ;  that  is,  toward  the  fun.  But  what 
is  become  of  the  fun’s  tnutual  gravity  in  fuch  a  cafe  ?  for 
if  he  gravitates  toward  the  planets,  we  muft  contradid  this 
mechanical  rule,  and  fay,  bodies  will  be  impelled  from  the 
rarer  parts  of  the  medium  toward  the  denfer  ;  without  which, 
the  fun,  being  already  in  the  rareft  part,  muft  for  ever  be 
at  reft.  Sir  Ifaac  either  did  fee  this  confequence,  or  he  did 

*  Sol,  pro  vario  planetan  m  fitu,  in  omnes  partes  movebitur.  Prlndp.  p.  374. 
t  0^21. 
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not.  That  he  did  not  fee  the  plaineft  corifequences  of  his 
own  reafoning,  few  will  be  ready  to  admit :  if  he  did,  he 
gave  up  mutual  gravity  to  all  intents  and  purpofes ;  but  this 
he  never  could  have  done,  had  he  thought  it  to  have  been 
mathematically  demonftrated. 

I  hope  I  ihiall  not  be  mifunderftood  in  this  affair.  It  ap¬ 
pears  to  me,  that  gravity  is  no  property  of  matter,  becaufe 
it  is  not  univerfal ;  and  I  have  compared  fome  paflages,  to 
fhew  it  was  not  univerfal  in  the  opinion  of  Sir  Ifaac  him- 
felf ;  provided  only  he  faw  the  confequence  of  his  own  rea- 
foning,  which  will  hardly  be  difputed.  But  while  I  am  per- 
fuaded,  that  the  fun  neither  does,  nor  can  poffibly,  gravi¬ 
tate  toward  the  planets,  for  the  very  reafon  given  by  Sir  Ifaac 
Newton^  I  am  far  from  denying  that  the  planets  tend  to¬ 
ward  the  fun,  and  toward  each  other  :  it  is  highly  reafon- 
able,  with  fome  proper  refl;rid:ions,  they  fhould  do  fo ;  and 
experience,  I  believe,  will  convince  any  aflronomer  of  the 
fa<^.  As  the  world  flands  indebted  to  the  genius  of  that 
great  geometrician  for  this  difcovery,  let  the  learned  obtain 
from  it  what  light  they  can  in  afcertaining  the  phoenomena, 
and  let  him  have  all  the  honour  of  it.  But  never  let  it  be 
a  pretence  for  faddling  us  with  occult  powers  in  folid  mat¬ 
ter  ;  if  his  followers  make  that  ufe  of  it,  they  will  gain  no 
credit  to  their  mafter  in  the  end ;  and  hitherto  they  have 
gained  but  little  to  themfelves  by  it,  as  it  muff  have  appeared 
from  what  hath  been  faid  ;  in  all  which,  I  hope  there  hath 
been  on  my  part  no  mixture  of  envy  or^jjkejudice ;  unlefs 
matters  of  fadl,  and  plain  argumentation,  ire  fo  to  be  inter- 

W  E  are  to  conclude  then,  that  the  attradion  of  gravity, 
underftood  as  an  univerfal  property  of  matter,  is  void  of  all 

geome-  ^ 
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geometrical  evidence.  If  Sir  Ifaac  Newto7i  hath  left  this  af* 
fair  undecided,  no  other  geometrician,  of  this  age  or  the 
next,  is  like  to  fupply  his  defedls :  and  yet  every  fmatterer 
almoft  in  natural  philofophy  is  perfuaded  he  can  make  it 
out  againft  all  oppofition.  The  ground  and  reafon  of  which 
miftake  I  apprehend  to  be  this ;  that  many  of  our  geome¬ 
tricians,  ambitious  of  dictating  to  us  about  the  caufes  and 
lirft  fprings  of  nature,  while  their  art  can  reach  only  to  the 
meafure  of  fome  of  its  effeSis^  have  not  been  careful  to  dil- 
tinguifh,  how  far  a  mathematical  conclufion  will  extend, 
and  how  far  not.  Hypothetical  forces  or  real  ones,  as  it  was 
obferved  above,  will  equally  afford  matter  for  an  aftronomer 
to  work  upon"^.  For  example,  if  the  moon,  as  fhe  moves 
in  her  orbit,  is  imagined  to  be  influenced  by  forces  ading 
in  lines  which  tend  toward  the  centers  of  the  earth  and  fun ; 
then  the  different  inclinations  of  her  orbit  to  the  ecliptic,  the 
irregular  motion  of  her  nodes,  her  retardation  about  the 
quadratures,  her  acceleration  about  the  conjundions  &c.  may 
follow  by  the  rules  of  geometry.  Upon  thefe  principles.  Sir 
Ifaac  Newton  is  univerfally  allowed  to  have  accounted  for 
the  lunar  irregularities  with  great  fagacity,  and,  as  an  aftro¬ 
nomer,  to  have  left  that  matter  in  a  much  better  ftate  than 
he  found  it ;  though  it  is  not  yet  perfeded.  But  what  thefe 
forces  are  in  fpecial,  and  in  what  manner  they  ad ;  whe¬ 
ther  as  an  adive  immaterial  virtue,  exerted  through  a  void 
fpace,  from  the  centers  of  the  earth  and  fun  ;  or  as  a  pref- 
iure  of  fome  etherial  medium  ading  in  lines  toward  thofe 
centers ;  none  of  his  reafonings  have  determined  for  us.  So 

*  Neque  neceffe  putant,  ut  hypothefes  iftse  vera  fint,  imo  ne  verifimiles  quidem,  fed  fufficit 
}  oc  unum,  ut  calculum  obfervationibus  congruentem  exhibeant.  Horrocc.  On.  Poll.  1-9. 
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far  from  it,  that  we  find  his  principia  inclining  to  one  fide, 
and  his  phyfical  queries  to  the  other.  And  I  may  appeal  to 
the  judgment  of  any  ingenuous  man,  fufficiently  verfed  in 
mathematical  ftudies,  whether  the  phoenomena  above-men¬ 
tioned  may  not  arife  from  a  prefTure  behind^  as  well  as  from 
an  attradlion  before  ;  and  whether  Sir  Ifaacs  geometrical  rea- 
foning  will  not  be  as  conclufive  in  the  one  cafe  as  in  the  other  ? 
How  comes  it  then  to  have  been  publifhed  to  the  world, 
that  “.one  fpecies  of  attraction  hath  been  undeniably  proved 
“  to  be  diffufed  through  the  whole  planetary  lyftem  ?”  This 
having  been  no  more  proved  by  any  of  his  arguments,  than 
that  one  fpecies  of  tmpulfe  or  prejfure  is  diffufed  thro’  the 
whole  planetary  fyftem  ;  and  for  the  truth-  of  this,  I  may 
refer  to  the  definition^  where  the  terms  attraSiion  and  im- 
pulfe  are  taken  indifferently,  and  are  to  be  fo  taken  through¬ 
out  the  whole  book  ;  otherwife  this  can  anfwer  no  purpofe 
as  a  definition,  Th^it  fome  force  prevails,  and  in  fuch  parti¬ 
cular  directions,  is  capable  of  demonftration  :  but  the  rea- 
foning  and  obfervation,  which  only  prove  the  exiftence  of 
fome  force  in  general,  will  never  demonftrate  that  of  attrac¬ 
tion  to  be  the  force  in  particular.  So  that  nothing  farther 
need  be  faid  in  this  way.  Let  us  now  go  on  to  experiment. 


CHAP. 
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CHAP.  V. 

T^he  attracimt  of  gravity  ^  underfood  as  an  univet^fal  property 
or  quality  in  the  parts  of  matter^  is  not  agreeable  to  ex¬ 
periment  and  obfervation. 

NO  experience  has  hitherto  £hewn  us,  that  what  is 
called  the  attraSiive  force  of  the  fun  and  planets,  is 
anfvverable  to  their  quantities  of  folid  matter.  Their  bulk, 
as  computed  from  their  refpedlive  diftances  and  apparent 
diameters,  is  far  from  yielding  a  proportion  of  gravity  fo 
uniform  as  might  have  been  expedled.  Gravity  tow^ard  the 
earth  proves  to  be  much  greater  in  proportion  to  the  bulk 
of  the  earth,  than  gravity  toward  the  fun,  or  any  of  the 
primary  planets.  This  feems  to  be  a  great  difficulty  in  the 
hypothefis  of  gravity.  But  how  eaiily  is  it  reconciled,  if  we 
are  allowed  to  alter  the  de7tfty  of  the  heavenly  bodies,  and 
by  this  means  bring  their  quantities  of  matter  to  an  agree¬ 
ment  with  the  hypothefis !  The  fat  of  a  favourite  philofo- 
pher  can  fo  reduce  the  denfity  of  the  folid  matter  in  the  bo¬ 
dy  of  the  fun,  that  the  denfity  of  the  earth  fliall  be  four 
thnes  greater ;  and  then  the  attractive  power  of  the  fun  fhall 
exactly  anfwer  to  his  quantity  of  folid  matter  :  and  the  fame 
liberty  muft  be  taken  with  the  other  great  bodies  of  the  folar 
lyftem.  Their  denfity  muft  be  accommodated  to  their  ac- 
traCtive  powers :  then  if  their  attractive  powers  be  taken  for 
granted,  their  denfities  will  pafs  for  a  dijcovery.  Thus  great 
men  amufe  themfelves  and  the  world  by  arguing  in  a  circle, 
or  proving  the  truth  of  a  propofition  by  the  conclufions  they 
have  drawn  from  it :  for  unlefs  you  admit  of  this  denfity, 

w'hich 
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which  arbitrarily,  and  without  any  obfervations  to  fupport 
it,  is  accommodated  to  the  hypothelis  of  gravity ;  that  hy- 
pothefis  will  labour  under  a  dilagreement  with  obferva- 
tion. 

That  there  may  be  fome  fhew  of  experience  however  in 
all  this,  it  is  intimated  that  the  fun  muft  needs  be  rarer 
than  the  earth,  becaufe  of  the  immenfe  heat  of  his  body 
But  the  planet  Jupiter^  whofe  body  mufl:  be  exceedingly 
colder  than  that -of  the  earth,  appears  from  his  attractive 
power  upon  his  fatellites  f'  to  be  .much  rarer  than  the  fun, 
and  Saturn  vslvqt  ftill ;  which  circuniftanees  are  very  uopro- 
mihng ;  and  if  gravity  be  admitted  here  as  the  foie  agent, 
we  are  conducted  to  a  fort  of  philofophy,  that  blows  hot 
and  cold,  againft  all  reafon  and  experiment.  Des-Cartes  was 
of  opinion,  that  the  denfity  of  the  planets  muft  naturally 
increafe  as  they  are  more  remote  from  the  fun :  and  furely 
this  is  more  reafonable  than  the  contrary ;  it  being  an  obfer- 
vation,  to  the  beft  of  our  knowlege  univerfally  true,  that  bo¬ 
dies  are  rarefied  by  heat,  and  condenfed  by  cold ;  the  feem-. 
ing  rarefaction  of  ice 'not  excepted. 

That  the  gravity  of  bodies  is  in  all  cafes  as  their  quantities 
of  folid  matter,  is  rendered  very  doubtful,  if  not  abfolutely 
falfe,  by  fome  chemical  experiments,  and  has  been  doubted 
of  by  perfons  of  no  ordinary  fkill  in  geometry  and  natural, 
philofophy.  Mr.  Maclaurin^  among  the  reft,  thinks  we  can 
affirm  this,  only  when  we  compare  bodies  of  the  fa7ne  hind  J. 

*  Nam  per  ingentem  fuum  calorem  fol  rarefeit,  Priacip.  p  372. 

-j-  The  method  Sir  I/aac  made  ufe  of  to  inveftigate  this  mathematically,  is  laid  down,  in  a' 
manner  as  eafy  as  the  thing  is  capable  of,  by  Dr.  Jshn  Clarke,  in  his  de?nonJi ration  of  Sir  Itaac 
Newtoii’j  principles  of  philofophy.  8v'0.  p.301.  &c.  confu  t  alfo  Mr.  Maclaur in’s,  account  Sec. 
p.  288.  &c. 

X  This  agrees  exadlly  with  a  definition  given  by  Plato —  acan^  sv  Tt^caia 
fjcsto)),  (/.U,  ro  iK  issXeiCva))  TQ.'tH  ATTS2N  Jrif.AtCtxXo.  Lib.  4.  C.  2. 

*  ..  .  '  i 
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Homberg’s  experiment  on  the  regulus  of  antimony,  and 
the  fuccefs  of  it,  is  a  thing  generally  known.  He  expofed 
fome  of  this  matter  to  be  calcined  by  the  great  burning  glafs 
of  the  duke  of  Orleans^  and  found  it  had  gained  in  the 
operation  one  tenth  part  in  weight.  Homberg  made  this  ex¬ 
periment  and  fome  others  like  to  it,  with  the  expedlation  of 
being  able  in  due  time  to  produce  gold.  But  truth  is  of 
much  greater  value,  and  if  we  can  produce  any  of  that 
frotn  it,  let  us  leave  all  the  gold  to  the  adepts.  Some  re¬ 
late  the  experiment  thus  —  If  a  mafs  of  regulus  of  antimo¬ 
ny,  of  a  pound  weight,  be  pulverifed,  and  calcined  at  the 
focus  of  a  burning  glafs  of  a  Parts-iooX.  in  diameter,  the 
weight  of  the  mafs  will  be  increafed  by  one  tenth ;  though 
during  the  whole  time  of  the  operation,  which  lafts  about 
an  hour,  the  regulus  fends  up  a  thick  fmoke,  and  thereby 
lofes  a  confiderable  part  of  its  own  proper  fubftance. 

There  are,  I  think,  but  two  poffible  ways  of  accounting 
for  this  effed:.  1.  If  the  quantity  of  matter  be  the  fame  af¬ 
ter  calcination,  or  fomething  lefs  (the  fmoke  being  allowed 
for)  than  it  was  before,  while  the  gravity  of  the  whole  is 
become  greater,  then  the  gravity  does  not  follow  the  quan¬ 
tity,  and  confequently  it  is  no  property  of  the  matter.  2.  If 
there  be  an  increafe  of  the  mafs,  it  can  be  imputed  to  no¬ 
thing  but  the  matter  of  light  or  fire  entangled  in  its  paffage 
through  the  fubftance,  and  fo  fixt  in  its  pores  or  combined 
with  its  folid  parts,  as  to  gravitate  together  with  it.  On  this 
latter  fuppofition,  the  matter  of  fire  muft  have  a  denfity, 
which  will  introduce  great  confufion  into  the  dodrine  of  a 
vacuum.  But  to  come  ftill  nearer  to  the  purpofe ;  it  will 
alfo  be  faid,  that  if  this  fire  did  not  gravitate,  till  it  w^as  fixt 
in  the  metal,  (and  it  will  be  hard  to  prove  that  it  did)  then 
we  have  a  fluid,  which  gravitates  in  fome  cafes  and  not  in 

others : 
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others :  fo  that  the  fame  conclufion  offers  itlelf,  which  way 
foever  the  experiment  is  interpreted.  It  will  be  vain  to  fup- 
pofe,  that  any  heterogeneous  matter  floating  in  the  air,  or 
that  the  air  itfelf,  is  hurried  into  the  mafs  by  the  adion  of 
-the  fire,  and  the  weight . increafed  by  this  means.  For  it  is 
known  experimentally,  that  if  a  quantity  of  metal  be  even 
hermetically  fecured  within  a  vefiel  of  glafs  to  keep  off*  the 
air  and  all  foreign  matter,  and  the  veflel  be  placed  for  fome- 
time  in  a  ftrong  fire,  it  will  exhibit  the  fame  eifed.  I  have 
feen  the  operation  performed  on  two  ounces  of  pewter-filings, 
hermetically  fealed  up  in  a  florence-flafk,  which  in  two  hours 
gained  55  grains,  that  is,  nearly  :  had’  it  remained  lon¬ 
ger  in  the  fire,  it  might  pofiibly  have  gained  fomething  more. 
The  calx  of  lead,  commonly  known  by  the  name  of  red- 
lead,  is  reckoned  to  gain  one  tenth ;  at  which  rate,  lolb.  of 
fire  will  be  fixed  in  loolb.  of  lead.  If  this  trial  were  made 
in  ten  thoufand  different  places  of  the  world  at  once,  and 
repeated  an  hundred  times  in  a  year,  no  reafon  can  be  given 
why  it  fhould  not  fucceed.  But  the  quantity  of  fire  thus 
imbibed,  allowing  the  proportion  above-mentioned,  would 
amount  to  10,000, ooolb ;  which  according  to  the  modern 
'  law  of  gravity  is  more  than  ought  to  replenifh  the  whole 
orbit  of  Saturn.  Yet,  I  prefume,  the  heavens  and  the  earth 
would  be  as  plentifully  fl;ored,>  to  all  intents  and  purpofes, 
with  this  element  as  they  were  before  :  fires  would  burn, 
the  fun  would  fhine,  and  eledlrical  experiments  fucceed  in 
all  places  juft  as  they  do  now. 

*  In  one  experiment  of  Mr.  Boyle  on  copper  filings,  the  increafe  by  fire  was  49  that  is, 

4?o> 

fomething  better  titan  one  tenth.  In  another,  an  ounce  of  tin  calcined  gained  a  drachm,  that 
is,  -I-  j  and  Heel  filings  more  than  See  his  experiments  to  tnake  fire  and  fla7ne  ponderable. 


As 


Co.  NSIDERED  AT  LaRGE.  97 

As  a  fequel  to  what  has  here  been  obferved  concerning 
the  impregnation  of  folid  fubftances  with  the  particles  of 
fire,  and  particularly  that  of  minium  or  red  lead  ■  give  me 
leave  to  fubjoin  an  experiment  of  Mr.  De  Stair^  which  I 
borrow  from  the  excellent  Niewentyt,  He  tells  us,  that  up¬ 
on  heating  red  lead  in  a  glafs  (from  whence  the  air  was  ex- 
haufted )  by  the  rays  of  the  fun  colledled  in  a  burning  glafs, 
the  veffcl,  in  which  the  faid  fed  lead  was  contained,  burft  in 
pieces  with  a  great  noife  Now  as  all  explofions  in  general 
muft  be  alcribed  either  to  an  admiflion  of  the  air  into  a  ra¬ 
refied  fpace,  or  to  what  is  called  a  genet amn  of  if ;  and  as  it 
was  not  admitted  upon  this  oceafion,  it-  muft  have  been 
generated  from  the  calx  within  the  veflel :  and  certainly  was 
fo,  becaufe  Dr.  Hales  has  made*  it  appear,  that-  this  fub~ 
ftance,  like  crude  tartar  and  many  others,  will  yield-  a  c'on- 
fiderable  quantity  of  air  in  diftillation  f  .  What  went  into 
the  metal  therefore  as  firey  comes  out  cf  it-  again  as  arr*y 
which  in  a  manner  forces  us  upon  a  conclufion)  of  inefti^ 
mable  value  in  natural  p'hilofophy,  and  fuc-h  as-  may  carry 
us  very  far  into  what  Mr.  Maclaurin  has  termed,-  with  great 
judgment,  the  fublime-  part  of  it.  The  ingenious  ex¬ 
periments  of  Dr.  Hales  feem  to  have’  give-n-  him  a^  fight-  of 
it as  I  conjediure-  from  his  having  mentioned- om  this  occa- 
fion,'  xhQ'  aerial  parmles  of  fir'eX:<  The.  force  of  all- tHe  ful¬ 
minating  powders,  the  violent  ebullition  of  forne  mixtures^ 
tile  fudden*  accenfion  of  others,  the  inflammability  of  oils 
and-  other  combuftible  matters,  together'  with-  the  tafte, 
ftrength,  and  fermentation  of  liquors,  the-  operation  of  men- 
ftruums  do  all'  fuggeil  the-  fame  thing  and  might', 
with  great  appearance  of  reafon,  be  deduced  from  one  and 

*  P.  314.  f  Veg.  Stat.  p.  287.  t  Ibid.  p.  286. 
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the  fame  principle,  if  this  were  a  proper  place  for  enlarging 
upon  it. 

I  liad  a  defign  of  bringing  in  here  another  feries  of  ex-- 
periments,  to  fliew  that  the  gravity  of  bodies,  where  thofe 
bodies  are  of  different  kinds,  is  not  in  the  diredl  ratio  of 
their  adlual  quantities  of  matter.  But  thefe  are  fo  very  cri¬ 
tical,  as  to  require  perhaps  a  knowlege  of  the  intimate  con- 
ftitution  of  bodies  to  judge  of  them  properly  :  and  my  con- 
clufion,  fuppofing  it  to  be  true,  would  not  be  very  obvious. 
It  is  therefore  better  wholly  to  omit  them ;  for  why  fliould 
'  we  lay  a  ftrefs  upon  any  thing  not  fufficiently  clear  and 
plain,  when  there  is '  evidence  ready  at  hand,  the  force  of 
.  which  may  be  apprehended  by  readers  of  all  clafles  ?  It  is 
wifely  ordered  by  the  divine  providence,  that  what  is  moll: 
neceffary  to  be  known  of  nature,  is  generally  the  moft  eafy 
to  be  underftood  :  and  if  I  affert  that  “  gravity  is  no  univerfal 
‘‘  quality  of  matter,  becaufe  all  matter  does  not  gravitate,” 
I  may  have  recourfe  to  a  phoenomenon  of  equal  extent  with 
the  creation  itfelf ;  and  which,  without  an  hyperbole,  is  as 
clear  as  the  fun  at  noon-day. 

Gravity,  it  has  been  faid  %  is  the  ‘‘quality  of  all  bo- 
“  dies  on  which  any  experiments  have  been  made and 
that  as  bodies  near  the  earth  gravitate  toward  the  earth,  fo 
all  “  bodies  in  the  heavens  gravitate  toward  the  fun  f.”  But 
if  we  believe  this,  there  is  an  end  of  all  experience :  for, 
fuppofing  this  to  be  true,  not  one  atom  of  light  could  ever 
come  to  us  from  the  body  of  the  fun.  Who  would  under¬ 
take  to  prove,  that  the  air  of  our  atmofphere  did  gravitate 
toward  the  earth,  if  it  were  incefiantly  flying  off  from  it 
toward  the  moon  and  the  other  planets  ?  This  is  the  cafe 

*  Princip.  Lib.  3.  prop.  6.  Cor.  2.  f  Ibid.  p.  469. 
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with  the  atmolphere  of  the  fun.  A  flood  of  matter  is  fent 
off  every  moment  with  immenfe  rapidity,  from  his  orb,  in 
a  diredion  oppoflte  to  that  of  gravitating  bodies ;  and  in  fo 
large  a  quantity,  that  no  fpace  however  fmall  could  be  af- 
fumed  within  the  whole  folar  fyflem,  where  the  point  of  a 
needle  could  be  oppofed  to  the  fun,  without  flopping  fome 
thoufands  or  millions  of  the  particles  thus  fent  from  him. 
So  long  as  the  fun  fhines,  a  man  mufl  do  violence  to  his 
own  fenfes,  if  he  can  believe  a  centripetal  tendency  to  be 
the  quality  of  all  matter;  when  the  matter,  void  of  that 
quality,  is  in  all  appearance  as  far  fuperior  in  quantity  to 
the  matter  pofleffed  of  it,  as  the  whole  globe  of  the  earth 
to  an  ordinary  mountain.  But  be  the  quantity  great  or  fmall, 
if  the  folar  light  is  only  allowed  to  be  a  material  fubflance, 
the  concluflon  will  hold  good. 

This  grand  objection  to  the  gravitarian  hypothefis  has 
never  been  flated,  or  direcflly  replied  to,  in  the  philofophical 
works  of  Sir  Ifaac  Newton ;  and  is  generally  paffed  over  in 
fllence  by  all  his  .profelytes ;  though  there  is  nothing  more 
worthy  of  admiration,  nor  more  beneficial  to  mankind,  in 
the  whole  oeconomy  of  created  things,  than  the  conflant 
emiflion  of  light  from  the  fun. 

.  There  are  indeed  two  arguments,  if  they  can  be  called 
fuch,  by  which  our  attention  feems  to  be  tacitly  called' off 
from  this  difficulty.  They  are  certainly  of  no  great  impor- 
ta  ice  in  themfelves ;  but  by  paffing  through  the  pen  of  Sir 
Ifaac  Newton^  they  are  rendered  too  confiderable  to  be  neg¬ 
lected.  The  firfl  is  a  pofition  borrowed  from  Arifotle  and 
Des-Cartes^  that  matter  differs  from  matter  only  in  form, 
“  retaining  all  other  properties  in  common  But  this  can¬ 
not  be  admitted  without  fome  proof ;  becaufe  it  is  the  very 

*  p.  368. 
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point  in  queftion.  That  gravity  is  one  of  thofe  properties 
which  are  retained  in  common,  though  the  form  of  the- 
matter  be  different,  is  an  article,  which  has  never  yet  been 
piwed  ;  and  I  humbly  think,  never  will  be,  the  propaga¬ 
tion  of  light  from  the  fun  being  a  pofitive  inflance  to  the 
contrary.  It  would  be  weak  to  oppofe  an  unfupported  afler- 
tion,  a  mere  logical  fubtilty,  to  fo  plain  and  important  a  matter 
of  fact,  the  conclufion  from  which  is  fo  vifible,  that  nothing 
but  art  or  prejudice  can  avoid  it :  it  depends  not  on  wordsy 
but  on  the  vifjble  conftitution  of  things y  and  offers  itfelf  to 
the  common  obfervation  of  all  men  in  the  great  out-lines 
of  nature. 

Another  method  of  evading  this  difficulty,  is,  to  reprefent 
the  element  of  fire,  or  matter  of  light,  as  a  mere  nothing  ;  a 
fubftance,  which  may  occupy  a  fpace  in  fo  fingular  a  man^ 
ner,  as  to  leave  it  empty  ^  :  and  it  feems  to  be  queftioned, 
whether  a  reader  will  recoiled:  that  there  is  fuch  a  fluid  as  that 
of  light  in  the  folar  fyftem  T.  Where  we  might  have  hoped 
to  receive  from  fo  mafterly  an  hand  fome  inftrudion  con¬ 
cerning  the  nature  and  ufes  of  this  wonderful  fluid,  we  are 
amufed  with  a  long  account  of  tranfmutations,  unnatural 
and  romantic,  founded  on  an  experiment  of  Mr.  BoyJey  in 
which  he  thought  he  had  obtained  fixed  earth  from  water. 
But  Boerhaave  J  carefully  examined  this,,  and  found  it  to  be  a 
miftake.  Hence  however  Sir  Ifaac  inferred,  that  as  water  is 
turned  into  earth,  fo  grofs  bodies  are  turned  into  light,  and 
light  into  bodies  :  though  by  a  principle  adopted  on  another 

*  Empty  celejiial  /paces.  Opt.  0^21. 

•|-  Si  FORTE  vapores  longe  tenuiffimos,  &  trajeftos  LUCIS  radios  excipias.  p.  328.  Princ. 

I  See  Shanv's  edition  of  Boerhaave’ s  chemiftry.  V.  i.  p.  471. 

**  Mr.  Boyle  has  an  hydroftatical  experiment  to  prove,  that  when  the  weight  of  any  metal 
is  increafed  by  fire,  the  fire  is  not  turned  into  tnetal. 
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occafioDj  all  this  is  rendered  very  improbable,  if  not  altogether 
impofiible.  He  is  of  opinion,  that  the  primitive  particles  of 
bodies  will  ‘‘  compofe  bodies  of  one  and  the  fame  nature 
and  texture  in  all  ages  with  which  all  tranfmutations 
whatfoever  are  inconfiflent.  In  fhort,  the  matter  of  light 
feems  to  have  been  but  a  troublefome  gueft  in  the  mathe¬ 
matic  philofophy,  though  the  author  of  it  was  indebted  to 
it  for  the  beft  and  moft  durable  part  of  his  reputation.  And 
long  may  it  laft;  it  is  no  intereft  of  mine  to  wifli  that  the 
ficklenefs  and  inconftancy  of  mankind  may  ever*  deprive  him 
of  it.  He  alks  ‘‘  Is  not  fire  a  body  heated  fo  hot,  as  to  c- 
mit  light  copioufly  ?  for  what  elfe  is  a  red-hot  iron  than 
‘‘  fire  -f*  ?”  Let  us  anfwer  this,  by  putting  a  like  queftion 
concerning  the  element  of  water.  Is  not  water  a  body 
‘‘  wetted  fo  much,  as  to  wet  every  thing  elfe  copioufly  ?  for 
“  what  elfe  is  a  wet  fponge  than  water  In  this  latter  ex¬ 
ample  every  perfon  will  allow  the  fponge  to  be  a  diftindl  bo¬ 
dy  from  the  water,  containing  that  element  in  its  vacuities. 
Now  fire  is  as  truly  an  objed;  of  fenfe  as  water ;  and  hath  . 
as  many  properties  to  diftinguifh  it  as  a  fluid.  What  can  a 
red  hot  iron  be  therefore,  but  iron  afrd  fire  J,  that  is,  iron 
with  the  element  of  fire  in  it ;  as  boiling  water  is  fire  and 
water ;  and  may  be  demonftrated  to  be  fuch,  by  including 
it  in  an  exhaufted  receiver,  as  well  as  by  feme  other  me¬ 
thods  ;  thoughj  I  prefume,  the  epithets  red  hot  might  accord 
better  with  the  inclinations  of  Sir  IJ'aac^  than  a  noun  fub- 
ftantive  would  have  done. 

All  thefe  things  being  confidered,  I  beg  leave  to  pro- 
pofe  it  as  a  query  of -fome  importance,  whether  Sir  Ifiaac 

*  opt.  p.  376.  t  Qi9- 
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did  not  think  it  his  intereft  to  get  rid  of  this  powerful  ele¬ 
ment,  or  at  leaf!:,  to  reduce  it  fo  low  in  the  efteem  .of  his 
readers,  that  it  fhould  never  be  able  to  do  his  fyftem  any 
harm.  As  for  argument,  there  is  little  or  none  in  the  cafe  : 
had  there  been  any,  his  penetration  would  foon  have  feized 
upon  it :  therefore  Bberhaave^  Gravefande^  Nkwentyt^  and 
others,  embraced  a  contrary  opinion  ;  holding  fire  to  be  an 
element  fut  generis^  and  rejed;ing  the  whole  dodlrine  above- 
mentioned,  without  beftowing  upon  it,  to  the  beft  of  my 
remembrance,  any  ferious  refutation  ;  though  they  all  con¬ 
curred  unanimoufiy  in  admiring  Sir  Ifaac' 2iS  a  moft  excel¬ 
lent  geometrician.  And  indeed  it  is  not  worth  difputing 
about :  for  to  fay  nothing  of  chemiftry,  the  experiments  of 
eledlricity,  how  great  foever  the  prejudices  of  the  learned 
may  be  at  prefent,  will  in  due  time  get  the  better  of  fuch 
unferviceable  fpeculations.  There  have  already  been  fome 
laudable  attempts  in  this  way,  though  they  are  but  few  ; 
and  fome  of  the  gentlemen  who  have  been  engaged  in  this 
ftudy,  feem  to  be  terribly  affrighted  at  the  confequences  of 
their  own  difcoveries,  treating  the  element  of  fire  with  as 
much  caution,  as  if  they  were  touching  it  with  their  fingers. 
The  ingenious  Mr.  IVatJon^  whofe  experiments  are  very  curi¬ 
ous,  inclines  to  the  elementary  fide.  Dr.  Hill^  after  the  exam¬ 
ples  of  Boerhaave^  Ho7nberg^  and  the  younger  Be7?iery^  does 
the  fame,  in  a  learned  work  entitled  —  T^houghts  mKerning 
God  and  nature.  He  has  ventured  to  add  fome  fpirited  re¬ 
flexions,  in  a  way  peculiar  to  himfelf,  on  the  modern  phi- 
lofophy  of  fire ;  which,  I  fuppofe,  the  fads  he  is  mafter  of 
will  fufficiently  juftify.  What  he  has  faid  in  his  5^^  book, 
from  the  beginning  of  the  to  the  end  of  the  7'^*  chapter, 
deferves  well  to  be  confidered  :  his  hints,  though  very  brief, 
contain  in  them  more  truth,  in  my  humble  opinion,  than 

any 
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any  eflay  publiQied  on  the  fuhjedl  fince  the  cultivation  of 
eledricity  mE?2gla?id,  Others  there  are  again,  equally  rerpedi- 
able  for  their  ingenuity  and  induftry,  who  are  very  unwilling 
to  admit  the  agency  of  an  intelligible  fluid,  fuch  as  fire  is. 
They  will  perfuade  us,  it  is  improper  to  call  the  eledfrical  fluid 
by  that  name ;  it  being  not  fire,  but  the  fubtil  aether  fo  fre¬ 
quently  fpoken  of  by  Sir  Ifaac  Newton  The  negative  part 

of  their  opinion  they  thus  illuftrate - as  air  cannot 

properly  be  called  found,  fo  neither  can  this  fluid  be  called 
fire.  Air,  they  fay,  raifes  the  idea  of  found,  and  this  fluid 
caules  a  body  to  fhine  or  be  on  fire :  but  as  air  cannot  be  ' 
called  found,  merely  becaufe  it  raifes  the  idea  of  found ;  fo 
this  fluid  cannot  be  called  fire,  merely  becaufe  it  excites 
fire.  Any  reader  who  is  poflcfled  of  a  little  logic,  will  im¬ 
mediately  perceive  this  to  be,  not  an  argument,  but  a  tranf- 
pofition  of  terms.  For  the  parallel,  in  their  way  of  draw¬ 
ing  it,  is  really  this  —  as  the  air,  that  caufes  bodies  to  found, 
is  not  found;  (it  fhould  have  been,  is  not  air\)  fo  fire,  the 
fluid  that  caufes  bodies  to  burn  and  .fhine,  is  7iot  Jire:  —  the 
inconclufivenefs  of  which  is  fufficiently  evident.  Fire,  with 
all  its  old  properties,  and  fome  new  ones,  is  the  agent  dif- 
coverablc  by  fenfe  in  eledrical  experiments :  this  fluid,  which 
appears  in  all  the  experiments,  they  over-look ;  and  would 
folve  them  all  by  another  fluid,  which  (like  the  ffth  ekfitent 
of  Arijiotle)  never  yet  appeared,  nor  ever  will  in  any  one  of 
them.  Eledlricity  may  well  be  dark  and  difficult,  if  inge¬ 
nious  men  refufe  to  be  governed  by  their  own  eye-fight, 
becaufe  it  would  fuggeft,  even  to  the  meaneft  capacity,  fome 
principles  differing  from  the  moft  eminent  geometrician  of 
their  own  country ;  who,  being  but  a  man,  was  liable  to  er- 

*  Obfervations  on  a  feries  of  eledlrical  experiments.  By  Mr.  Wilfon  and  'Dx.Hoadly.  p.6p;70. 
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ror  like  other  men ;  if  not,  I  am  greatly  to  be  blamed  for 
what  I  have  written,  and  for  concluding,  as  I  take  the  li¬ 
berty  to  do  without  any  fear  or  referve,  becaufe  I  could 
prove  it  by  numberlefs'  experiments,  that  fire  is  the  moft 
powerful  agent  in  nature ;  that  the  whole  heavens,  as.  it  is 
manifeft  to  fenfe,  are  replenifhed  with  the  fubftance  of  light ; 
and  what  is  above  all  to  be  regarded,  that  it  iflfues  from 
the  fun’s  orb  in  a  diredion  contrary  to  that  of  gravity  :  that 
therefore.  Sir  Ifaac  Newtons  univerfal  law  is  falfe  by  expe¬ 
rience. 

The  fame  may  be  concluded  from  another  confideration 
of  much  weight,  and  almoft  as  plain  as  the  foregoing. 

The  materials  of  this  terraqueous  globe  are  generally 
agreed,  both  by  the  ancient  and  modern  enquirers  into  na¬ 
ture,  to  have  been  once  in  a  feparate  and  diforderly  ftate. 
The  facred  writings  are  known  to  have  aflerted  this  very 
expreflly  ;  and  to  have  added^  withal  an  account  of  particu¬ 
lars,  fo  far  as  it  is  needful’  for  us  to  be  acquainted  with  them. 
Between  this  account,  and  the  heathen  traditions  relating  to 
the  fame  affair,  there  is  a  furprifing  agreement ;  of  which 
fo  many  examples  have  already  been  collected  by  Grotius.^^ 
and  with  fo  much- learning  and  judgment,  that  very  little  needs 
to  be  added  to  what  he  has  faid.  Taking  it  then  as  grant- 
ed,  that  the  parts  of  this  earth  didf  once  fubfift  as  a  formlefs 
and  incoherent  chaos^  a  queftion  will  naturally  arife,  by  what 
phyfical  means  or  agency,  in  fubordination  to  the  divine 
power,  they  were  brought  together,  and  put  into  the  or^ 
derly  form  in  which  we  now  find  them  ?  Ovid  fays  it  was 
by  a  melior  natura\  which  is  a  phrafe  without  a  meaning, 
and  anfwers  no  end  but  that  of  filling  up  his  verfe.  Des- 

*  Grot,  de  Verit.  L.  i.  Teft.  i6. 
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Cartes  fuppofes  the  world  to  have  put  itfelf  into  order,  by 
an  imaginary  motion  of  his  vortices.  And  Sir  Ifaac  Newton 
tells  us,  the  globe  of  the  earth  and  fea  alFedls  a  round  fi- 
‘‘gure  by  the  mutual  attradlion  of  its  parts  by  gravity^.” 

T  o  know  whether  this  laft  fuppofition  has  any  truth  in 
it,  we  muft  have  recourfe  to  obfervation.  If  the  parts  where¬ 
of  the  feveral  ftrata  of  the  earth  coniift,  and  which  appear 
to  be  no  other  than  the  fedimehts  of  water,  did  originally 
fublide  by  the  agency  of  gravity  j-the  ftrata  ftiould  lie  in  the 
order  of  their  ipecific  gravities ;  and  the  extraneous  bodies 
buried  in  them  lliould  have  the  fame  Ipecific  gravity  with 
the  ftrata  wherein  they  are  found. 

All  this  Dr.  TV lodward  afllires  us  is  agreeable  to  fadl. 
“This  fublidence  happened  generally,  and  as  near  as  pofli- 
“  bly  could  be  expected  in  fo  great  a  confulion,  according 
“  to  the  laws  of  gravity  ;  that  matter,  body  or  bodies,  which 
“  had  the  greateft  quantity  or  degree  of  gravity,  fubliding 
“  firft  in  order. and  falling  loweft ;  that  which  had  the  next, 
“  or  a  ftill  lefler  degree  of  gravity,  fubfiding  next  after  and 
“  fo  on  d-.”  —  “  the  lighter  fhells  fell  amongft  the  lighter 
“  matter,  the  heavier  fhells  amongft  the  heavier  J  and  in 
a  word,  all  the  materials  of  this  earth  are  generally  fo  dif- 
pofed  as  they  ought  to  have  been  by  the  agency  of  gravity. 
All  this  is  aflerted  with  the  greateft  confidence ;  and  by  a 
writer  too,  whom  we  muft  allow  to  have  been  well  ac¬ 
quainted  with  the  ftrudure  of  the  earth.  But  it  is  fo  con¬ 
trary  to-  obfervation,  that  every  common  labourer,  vyho "  has 
aflifted  in  the  turning  up  of  a  ftone- quarry,  or  the  finking 
of  a  coal-mine,  muft  know  it  to  be  falfe. 

*  Opt.  P..370. 

t  A'W.  Hijl.  of  the  earth,  p.  75.  t  Uid. 
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The  bowels  of  the  earth  have  been  purpofely  examined 
with  this  view,  nearly  to  the  depth  of  200  feet ;  and  the 
loweft  ftratum  hath  been  found  lighter  than  the  uppermoft 
that  lay  immediately  under  the  turf.  A  defcription  of  the 
ftrata',  found  in  a  coal-pit  in  Staffordjhire^  was  communi¬ 
cated  to  the  royal  fociety  by  Sir  Hans  Sloane^  and  the  Ipe- 
cific  gravity  of  the  fcveral  fpecimens  having  been  examined 
by  Mr.  Haukjbee^  he  made  the  following  report  —  that 
the  gravities  of  the  feveral  ftrata  are  in  no  manner  o‘f  order, 
but  purely  cafual,  as  if  mixt  by  chance  And  as  to 
foftile  fhells,  bones  of  animals,  mineral  concretions  8cc.  they 
are  depoftted  indifferently  at  all  depths,  and  are  to  be  met 
with  in  all  kinds  of  matter.  The  echinites^  a  foftile  body 
formed  in  a  ftiell  of  the  cruftaceous  kind,  which  is  very 
light,  is  found  in  chalk,  in  clay  “f,  and  in  ftone.  Cockle- 
fliells  and  foftile-plants  are  found  at  the  fame  depth ;  and, 
not  to  multiply  inftances,  the  pyritce^  a  fort  of  metallic  no¬ 
dules,  are  generally  found  in  chalh  I  felecfted  one  of  thefe 
bodies,  of  a  fpherical  form,  with  fome  of  its  native  chalk  ad¬ 
hering  to  it ;  and  found  its  fpecific  gravity  to  be  to  that  of 
common  water,  as  4.  59  to  i ;  nearly  the  fame  with  that  of 
fome  grey  lead  ore,  which  I  compared  with  it  at  a  venture^ 
and  found  to  be  as  4.' 8  3  to  i.  How  a  body  of  this  weight 
could  be  depoftted  amongft  chalk  by  any  law  of  gravity,  is 
to  me  inconceivable  ;  and  Dr.  TVoodward\  motive  for  fb 
ftrangely  mifreprefenting  this  whole  affair,  would  have  been 
equally,  inconceiveable,  if  he  had  written  an  hundred  years 
ago :  but  at  the  time  his  thoughts  were  employed  on  the  natu¬ 
ral  hijlory  of  the  earthy  gravity  was  coming  into  vogue  as  a  new 

*  Phil.Tranfaa.  No.  336.  p.  541.  OX  Haukjbee*s  experiments,  p.  3,17. 
f  Liiid.  Litolph.  Cl.  6.  Art.  926. 
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primum  mobile ;  and  there  are  few  men,  who  for  the  fake 
of  truth  will  run  the  hazard  of  having  their  literary  pro- 
dudions,  the  fruit  of  much  labour  and  ftudy,  negleded  or 
evil-lpoken  of  as  foon  as  they  are  publifhed ;  though  in 
fucceeding  times,  when  the  heat  of  fafhion  is  a  little  abated, 
they  will  be  refpeded  the  more  for  it.  If  Dr.  Woodwards 
aim  was  fuch  as  I  imagine  it  to  have  been,  he  certainly 
failed  of  it  in  fome  degree.  The  introducing  of  gravity  into 
his  work  might  gain  him  many  friends  and  fome  few  prole- 
lytes ;  but  it  infufed  into  others  a  very  ftrong  prejudice 
againft  him  :  for  this  appears  to  have  been  the  principal 
reafon,  which  moved  Mr.  Ray  to  rejed  his  hypothefis  of  an 
univerfal  diffolution.  He  fufpeded  it  to  be  an  invention 
fubfervient  to  the  new  principle  of  gravity  ;  knowing  that 
the  phoenomenon,  which  he  would  have  folved  by  fuch  a 
diffolution,  was  not  generally  true,  and  that  we  have  fuffi’ 
dent  authorities  to  prove  the  contrary 

Though  the  nature  of  my  fubjed  hath  obliged  me  here 
to  make  fo  free  with  Dr.  Woodwa7'd  in  one  article,  I  have 
no  defire  to  lefl'en  his  real  merit,  which  is  that  of  having 
treated  the  fubjed  of  the  univerfal  deluge  in  a  manner  far 
fuperior  to  all  writers  who  had  undertaken  it  before  him. 
But  in  the  article  relating  to  gravity,  to  fay  the  beft  we  can 
of  him,  he  was  miftaken. 

Had  the  earth  been  put  together  in  the  manner  he  has 
fuppofed,  by  the  attradion  of  gravity,  the  natural  order  of 
things  would  have  been  inverted,  and  the  ceconomy  of  the 
world  thrown  into  the  utmoft  confufion.  All  the  water  of 
the  globe  would  have  been  uppermoft :  all  the  gold,  and 
other  metals,  would  have  fubfided  to  the  central  parts.  And 


*  Raf^  three  difcourfes.  p.  167.  4th  edit. 
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altho’  the  poet  has  fixed  a  fligma  on  his  effodiuntur  opes^  yet  had 
they  been  carried  down  to  the  center,  how  many  hands  had 
been  unemployed,  and  left  to  idlenefs  or  mifchief,  for  want 
of  necefiary  labour.  What  fhould  we  have  done  for  inftru- 
ments  of  iron  and  brafs ;  I  will  not  fay  for  warlike  and  de~ 
ftrudlive  purpofes,  but  for  necefiary  and  mechanical  ufes  ? 
To  be  fliort,  the  difpofition  of  things  below  the  furface  of 
the  earth  is  fo  ordered,  that  mankind  may  reap  the  greateft 
benefit  from  it.  And  does  it  not  plainly  demonftrate  at  the 
fame  time, -that  tho’  bodies  may  fall  to  the  earth  by  what 
we  call  gravity,  this  gravity  is  but  a  partial  phoenomenon, 
and  was  never  employed  as  a  ruling  principle  in  the  confor¬ 
mation  of  this  terraqueous  globe  }  If  to  the  fadts  here  col- 
ledled,  we  add  the  denfity  of  elementary  fire  as  found  by 
experiment,  and  the  perpetual  effiux  of  light  from  the  fun, 
the  refult  of  the  whole  is  —  gravity  does  not  prevail  as  an 
univerfal  principle,  either  in  the  heaven  above,  or  in  the 
earth  beneath ;  and  confequently,  a  lyftem  of  philofophy, 
which  both  fuppofes  and  requires  it  to  be  univerfal,  hath 
miftaken  the  agency  of  nature,  and  is  fo  far  at  leafl:  contra- 
didled  by  experience. 
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The  forces  of  attraSiion  a77d  proje&ion^  comritonly  called  cen¬ 
tral  forces,  will  not  confif  with  the  motion  of  the  planets, 
even  upon  the  fuppoftion  of  a  celeftial  vacuum. 

IH  A  V  E  but  one  more  obfervation  to  make  in  regard  to 
gravity.  I  own  it  to  be  fomething  in  the  nature  of  a  di- 
greffion,  and 'as  fuch  I  hope  it  will  be  excufed.  This  prin¬ 
ciple  then,  compounded  with  a  projedile  force,  will  not 
account  for  the  motion  of  the  heavenly  bodies,  even  allow¬ 
ing  the  Ipaces  in  which  they  move  to  be  void  of  all  refifting 
matter.  We  are  under  no  obligation  to  grant  this;  how¬ 
ever  let  us  grant  it  for  argument’s  fake,  and  fee  what  will 
follow. 

A  body  aded  upon  by  two  different  forces  at  the  fame 
time,  will  defcribe  the  diagonal  of  a  parallelogram,  whofe 
fides  are  refpedively  equal  to  the  two  forces.  Experiment 
fhews  this  to  be  true;  the  application  of  it  is  what  I  am 
here  to  treat  of ;  and  I  (hall  endeavour  to  be  as  fhort  and 
as  plain  as  1  poffibly  can. 

The  celebrated  author  of  the  principia,  as  it  is  univer- 
fally  known  to  all  thofe  who  .  have  but  dipt  into  natural  phi- 
lofophy,  fuppofes  a  planet  to  be  aded  upon  by  a  projedile 
force,  giving  it  motion  in  a  right  line,  which  makes  a  tan¬ 
gent  with  its  orbit.  This  force,  once  impreffed,  is  always 

to  continue  by  his  frfi  law  of  nature  It  is  alfo  aded  up- 

• 

*  Sir  l/aaCs  firft  law  of  nature  is  this  —  All  todies  continue  in  their  Jiate  of  rejl,  or  motion^  utti~ 
formly  in  a  right  line,  except  fo  much  as  thy  are  forced  to  change  that  fate  by  forces  imprcfed. 

Prima  lex  naturae,  quod  unaquaeque  res  quantum  in  fe  ell,  Temper  in  eodem  llatu  perlevc- 
ret  j  ficque  quod  ferael  movetur.  Temper  moveri  pergat,  nec  unquam  mutetur  nrfi  a  caufis  ex- 
ternis.  Vid.  princip.  philof.  P.2,  feft.  37. 
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on  at  the  fame  time  by  a  centripetal  force  ;  which  fome  ob- 
fervations  upon  the  moon  have  induced  him  to  believe  is 
the  fame  with  what  is  called  gravity  near  the  earth’s  furface. 
By  the  former  of  thefe  forces  alone,  it  would  always  pro¬ 
ceed  in  the  tangent  or  right  line ;  by  the  latter,  it  would 
fall  ftrait  to  the  centre  ;  by  both  of  them  jointly,  it  will  be 
gradually  bent  below  the  tangent,  and  in  a  given  time,  fuf- 
ficiently  fmall,  will  defcribe  the  diagonal  of  a  parallelograrh, 
whofe  fides  are  as  the  two  forces.  In  a  fecond  moment  of 
time,  it  will  defcribe  another,  and  fo  on.  Now  if  thefe  pa¬ 
rallelograms  are  imagined  to  be  infinitely  fmall,  a  feries  of 
their  diagonals  will  not  fenfibly  differ  from  a  curve  :  and 
thus  he  accounts  for  the  motion  of  the  planets  in  curvilinear 
orbits. 

The  greatefl;  adverfaries  of  Sir  Ifaac  Newton  muft  allow 
the  thought  to  he  highly  ingenious.  A  thorough  mathe¬ 
matician  is  fo  fmitten  with  the  elegance  of  it,  and  with  the 
wonderful  things  he  has  deduced  from  it  in  a  courfe  of^ab- 
ftrufe  theorems,  in  which  few  are  able  to  follow  him  but 
thofe  who  do  it  to  a  degree  of  enthufiafm,  that  they  will 
very  hardly  be  induced  to  quit  their  theories  for  a  while, 
and  condeicend  to  examine,  how  this  fpeculation  will  con- 
fift  with  practice. 

I F  I  had  an  inclination  to  multiply  words,  I  might  ob- 
jedl  to  the  generation  of  a  curve  by  the  diagonals  of  fmall 
parallelograms ;  becaufe  there  follows  from  it  this  abfurdity, 
that  as  thefe  diagonals  can  be  confidered  only  as  right  lines, 
no  curve  can  be  compofed  of  them,  unlefs  a  curve  and  a 
right  line  are  commenfurablej  which  every  geometrician 
knows  to  be  falfe.  It  would  be  idle  to  infift  upon  this,  be¬ 
caufe  the  thing  does  affuredly  hold  good  in  nature,  whether 
the  method  of  infinites  will  confift  with  geometry,  or  not. 

{  -  A  curve 
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I  , 

A  curve  is  evidently  defcribed  by  a  projedile  ;  and  that  pro- 
jcdile  appears  to  be  aduated  by  two  forces  thus  compound¬ 
ed.  As  far  as  I  am  able  to  judge,  there  is  no  reafon  why 
the  orbit  of  a  planet,  provided  the  forces  are  adequate  to  the 
effeds,  may  not  be  produced  in  the  fame  manner.  But  I 
humbly  think,  the  forces  of  gravity  and  frojeBion^  which 
were  propofed  long  ago  with  this  view  by  Mr.  Horrox  ‘f*, 
are  inadequate,  and  unfit  for  the  bufinefs  afligned  them. 
No  lajiing  motion,  as  it  will  foon  appear,  can  poflibly  arife 
.from  a  compofition  of  thefe  two  forces,  for  the  following 
reafons. 

/ 

L  E  T  us  imagine  the  two  forces  to  be  reprefented  by  two 
bodies,  a  and  b  (See  II.  fig.  i.)  and  let  thefe  be  made 
to  ftrike  againft  a  third  body,  c,  at  reft.  Now  it  is  certain, 
from  the  laws  of  percuflion  in  bodies  not  elaftic,  i.  that 
if  A  and  b  are  carried  with  equal  quantities  of  motion  to-, 
ward  contrary  fides,  and  do  both  impinge  at  the  fame  time 
againft  c,  no  motion  is  produced  by  it,  but  all  the  three 
bodies  remain  perfedly  at  reft  after  the  ftroke.  This  may 
be  laid  down  as  the  moft  fimple  cafe.  2.  If  the  angle  of 

their  meeting  at  c  be  very  obtufe,  as  acb  (fig.  2.)  the  mo¬ 

tion  communicated  to  the  body  c  will  be  equal  to  the  dia¬ 
gonal  CD  ;  fo  that  the  whole  fum  of  the  force  hereby  pro¬ 
duced,  is  not  equal  to  either  of  .the  forces  ftngly  which  pro¬ 

duce  it,  and  all  the  remaining  part  is  loft.  In  the  firft  cafe, 
the  reliftance  between  the  two  forces  was  total  •  here  it  is 

“f-  Teftantur  obfervationes — figuram  orbitae  planetaria;  elTe  ellipticam  —  motumque  ejus  in 
hoc  elliptico  inscqualem  effe,  &  pro  dillantia  fua  a  foie  intendi  &  remitti  —  Projiciatur  plum¬ 
bum  aliquod  in  altum,  furgit  prlnib  njelocite^-,  deinde  tardius,  dum  tandem  llationarium  in  terram 
recidat  continuo  ‘ijelocitatis  incremental  atque  ita  motum  librationis  defcribit  —  oritur  ea  libratio, 
ex  pugnd  njirttttis  illius  quam  manns  tua  illi  infudit,  una  cum  •viriute  telluris  magnetica,  qua 
omnia  graxia  ad  fe  attrahit.  —  Quid  eft  quod  in  tnoiii  planefarum,  ubi  eadem  commoditas  non 
deeft,  caufam  xeram  a  natura  ipfa  tot  exemplis  coafirmatam,  fiftitio  circulorum  fomnio  comniu- 
taremus?  Horroc.  Op.  Foft.  p.  i8i.  3.  This  wonderful  adept  in  aftronomy  flouriftied  to¬ 
wards  the  beginning  of  the  laft  century,  and  died  at  the  age  of  23. 
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but  partial.  3.  If  the  angle  of  meeting  be  lefs  obtufe,  right, 
or  acute;  as  in  the  3^^  figure,  the  motion  produced  may  be 
equal  to  one  of  the  forces,  as  cd,  where  the  angle  lcm  is 
120  degrees  (the  triangles  on  each  fide  the  diagonal  being 
equilateral )  or  greater  as  c  g  ;  but  can  never  be  equal  to 
hoth^  till  they  coincide  in  the  fame  right  line ;  which  cafe  is 
the  reverfe  of  the  firfi:,  for  by  fuch  coincidence  the  commu¬ 
nication  becomes  total,  and  the  reiiftance  vanifiies. 

I  fhall  be  forry  if  the  word  ref^Jla7^ce  gives  any  offence  to 
thofe,  who  have  been  accuftomed  to  a  different  way  of  rea- 
foning  :  but  if  they  can,  upon  the  received  principles,  dif- 
tinguifh  between  rejijiance  and  a  lofs  of  motion^  I  confefs  it 
is  more  than  I  am  able  to  do.  Motion,  they  muft  allow, 
is  always  loft  in  the  compoftion  of  forces.  There  is  an  eafy 
way  of  fhewing  this  experimentally,  by  three  weights  pulling 
at  the  fame  centre  with  oblique  forces.  Thus  if  the  weight 
A  (fig.  4.)  of  3  pounds,  and  the  weight  b  of  4  pounds,  pull 
againft  each  other  at  an  angle  of  90  degrees,  they  will  coun- 
terpoife  a  third  weight,  as  c,  which  is  only  5  pounds.  The 
difference,  or  lofs,  is  equal  to  2  pounds :  but  how  can  this 
be,  unlefs  the  compounded  forces  3  and  4  do  in  fome  man¬ 
ner  counterad:  each  other?  and  what  can  we  call  this  but 
refjlance  f  the  thing  will  be  juft  the  fame,  whether  the 
word  be  admitted  or  not :  a  motion  thus  produced,  by  a 
co7npofition  of  forces^  cannot  be  lafting,  unlefs  thefe  forces 
are  perpetually  renewed. 

The  application  of  all  this  is  eafy  enough.  The  centri¬ 
petal  force  upon  a  planet,  having  a  conftant  fupply,  will  be 
increafing  every  moment,  and  bring  the  planet  nearer  to  the 
centre.  But  the  projedile  force,  originally  imprefl'ed,  hav¬ 
ing  no  recruit  but  from  the  firfi  law  of  nature,^  which  is 
none  at  all,  muft  vanifh  by  degrees ;  and  it  makes  no  diffe¬ 
rence 
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rence  in  the  argument,  whether  you  fuppofe  it  to  vanifli  in 
ten  years,  or  in  ten  thoufand.  Hence  it  is  impoffible  for  a 
body  aduated  by  thefe  forces,  to  defcribe  a  curve  which  fhall 
return  into  itfelf.  A  mathematician  may  make  this  appear 
plaufible  upon  paper;  but  it  is  no  practical  truth,  be  the 
Ipeculation  ever  fo  pleafing. 

I T  is  neceflary  then  to  call  in  the  affiftance  of  fome  me¬ 
dium,  as  an  agent,  to  renew  this  projedile  force  as  faft  as 
it  decays.  Philofophers  might  perhaps  find  their  labour  well 
repaid,  if  they  would  enquire  whether  any  fuch  is  to  be  met 
with :  and  they  will  pardon  me,  if  I  tell  them,  fuch  an 
enquiry  can  be  no  difgrace  to  them  ;  for  Galilceo  himlelf, 
the  greateft  geometrician  of  his  time,  to  whom  the  prefent 
age  is  indebted  for  a  confiderable  part  of  its  knowlege,  was 
perfuaded  the  fun  might  occafion  the  motion  of  the  planets 
in  a  mechanical  way  *. 

It  fhould  alfo  be  confidered,  now  we  are  upon  this  fub- 
jed,  that  the  motion  of  the  planets  is  not  perfedly  circu¬ 
lar,  but  ellipticaL  At  fome  times  they  are  driven  farther  off 
from  the  fun  toward  the  higher  apfis  of  their  orbits:  at  o- 
ther  times  they  approach  nearer  to  him,  as  they  tend  toward 
the  lower.  To  this  it  is  wholly  owing,  that  the  earth  is 
nearly  eight  days  longer  in  pafling  from  the  vernal  equinox 
to  the  autumnal,  than  from  the  autumnal  to  the  vernal.  If 
they  are  carried  off  by  a  projedile  force,  and  brought  nearer 
by  an  attradive,  neither  the  one  nor  the  other  can  continue 
in  the  fame  ftate  through  any  one  of  their  revolutions,  or 
to  fpeak  more  ftridly,  through  any  two  points  in  one  half 
of  their  ellipfes.  How  are  we  to  account  for  it,  that  the 
projedile  force,  when  once  over-ballanced  by  the  attradive. 


'  *  See  his  letter  to  the  grand-dutchefs  of  Tufeany.  p.  57. 
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does  not  fo  far  decay,  as  to  let  the  planet  draw  up  in  a 
fpiral^  till  it  falls  into  the  centre  ?  When  the  attraction  of 
gravity  is  accelerating  the  motion  of  a  planet  or  comet,  and 
cauiing  it  to  approach  nearer  to  the  fun  with  great  rapidity, 
it  brings  it  down  to  a  certain  point  only,  but  never  below 
it :  for  when  it  has  reached  this  point  it  rifes  again  imme¬ 
diately,  which,  without  fuppofing  fome  new  force  to  aCt  up¬ 
on  it,  is  altogether  impoffible.  In  the  theory  of  projediles 
in  vacuo^  there  is  no  cafe  parallel  to  this,  or  in  any  degree 
like  to  it :  for  let  a  planet  be  projected  from  the  higher 
apfis  of  its  orbit,  with  any  force  lefs  than  infinite,  and  its 
defcents  below  the  tangent,  according  to  the  known  laws  of 
projection,  will  be  as  the  fquares  of  the  times  from  the  be¬ 
ginning  of  its  fall,  till  it  attains  a  point  either  of  relative  or 
abfolute  reft. 

As  to  the  motion  of  the  moon  in  particular,  there  are, 
upon  this  fame  plan  of  gravity  and  projection,  fome  certain 
circumftances  attending  every  conjunction,  which  are  known 
to  contradict  the  firft  principles  of  mechanics :  but  thefe,  if 
infifted  upon  at  large,  would  carry  me  out  far  beyond  my 
defign.  An  author  I  have  already  fpoken  of,  who,  if  I  com¬ 
prehend  him,  is  a  moft  zealous  aflertor  of  gravity  and  a  va¬ 
cuum,  has  to  my  great  furprize  reprefented  this  and  fome 
•other  things  which  have  frequently  engaged  my  attention, 
in  a  method  fo  plain  and  unanfwerable,  as  to  render  my  la¬ 
bours  unneceflary.  To  his  book  therefore  I  beg  leave  to  re¬ 
fer  thofe  who  require  any  farther  fatisfaCtion  In  our  con- 
clufons^  I  muft  confels,  we  differ  very  widely.  The  end  I 
have  propofed  in  mentioning  thefe  things,  is  to  fhew  the 
neceflity  of  a  material  agency  in  the  heavens,  fubordinate  to 

*  See  appendix  to  an  enquiry  on  the  nature  of  the  human  foul.  fed.  8. 
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the  divine  power:  whereas  it  is  his  defign  to  fhew  from  the 
fame  premifes,  that  God  himfelf  is  the  agent  immediately. 
Which  of  thefe  two  is  the  more  rational  inference,  I  leave 
to  be  determined  by  the  impartial  judgment  of  others,  after 
they  have  weighed  the  following  reflexion  —  That  if  the 
extravagances,  which  would  arife  in  the  planetary  motions 
from  attradlion  and  projedlion,  are  any  way  to  be  correded 
and  regulated,  it  mufl:  be  done  either  phyjicallyy  by  the  in- 
flrumentality  of  fome  material  agent  properly  adapted ;  or 
fupernaturally^  by  fome  immediate  influence  of  divine  power. 
If  phyjtcally^  then  the  motions  which  are  correBed  by  a  phy- 
fical  agent,  may  as  well  be  caufed  in  the  fame  manner.  If 
fupernaturally^  that  will  give  every  pretender  to  philofophy 
a  liberty  of  propoflng  what  powers  he  pleafes,  and  all  of 
them  equally  good,  if  they  are  to  be  mended  at  every  turn 
by  a  miracle.  Indeed,  it  will  be  no  better  than  a  jeft,  to 
propole  any  powers  at  all ;  and  Sir  Ifaacs  firft  law  which 
is  called  a  law  of  nature^  and  from  which  he  hath  at¬ 
tempted  to  deduce  fo  many  things  in  a  natural  way,  will 
have  neither  meaning  nor  ufe  in  philofophy,  if  this  author’s 
dodrine  be  admitted.  A  miraculous  interpofition  therefore 
is  never  to  be  confounded  with  the  eftablifhed  order  of  na¬ 
tural  things,  if  we  would  underftand  what  nature  is,  or 
what  a  miracle  is.  Such  a  method  of  philofophizing  will 
give  a  fandion  to  every  ridiculous  hypothefls,  that  doth  not 
quite  come  up  to  an  impoflibility :  and  I  can  fee  no  good 
reafon,  why  the  vortices  of  Des-Cartes  may  not  claim  the 
benefit  of  a  miracle  to  fupply  their  defeds,  as  well  as  this 
more  modern,  but  equally  fiditious,  compofltion  of  central 
forces.  Upon  what  principle  was  it  that  Sir  Ifaac  Newton 
faid  —  “  Hypothefls  vorticum  multis  premitur  difficultati- 
‘‘  bus  ?”  certainly  not  upon  the  principle  of  this  author ;  for 
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at  that  rate,  there  can  be  no  fiich  thing  as  a  difficulty.  The 
fame  omnipotent  hand,  which  is  fuppofed  to  fave  a  planet 
from  ruin,  by  driving  it  farther  from,  or  drawing  it  nearer 
to  the  centre,  as  occabon  requires,  may  as  eably  condudl  a 
comet  thro’  the  whirling  vortices  of  Des-Cartes^  or  even  the 
folid  chryftalline  orbs  of  Ariflotle,  This  is  the  common  re¬ 
fuge  of  men  who  have  nothing  elfe  to  fay  ;  and  it  was  the 
excufe  advanced  by  Ptole^ny^  in  behalf  of  his  perplexed 
fcheme  of  excentrics  and  epicycles  —  No  man  was  to  call  in 
queftion  the  truth  of  his  aflronomical  theories,  becaufe  the 
immortal  Gods  could  eafily  find  a  remedy  for  every  diffi¬ 
culty  ;  could  remove  all  impediments,  and  make  a  way  in 
the  heavens  for  the  motion  of  every  orb,  though  their  courfes 
might  feem  to  be  inconfiflent  with  one  another  When 
the  philofbpher  affures  us,  power  is  a  divine  attribute,  we 
can  readily  believe  him  :  but  if  he  is  above  fearching  after 
what  the  divine  wifdom  hath  thought  proper  to  eftabliffi  in 
the  world,  and  takes  refuge  under  the  abftradl  notion  of  an 
unlimited  power,  before  there  is  a  neceffity  for  it,  and  even 
while  experience  is  againft  him,  he  betrays  the  infufficiency 
of  his  own  fpeculations ;  and  muft  convince  mankind,  either 
that  the  whole  of  nature  is  an  ufelefs  and  inexplicable  myf- 
tery,  or  that  he  ought  to  fet  out  afrefh  upon  more  conlif- 
tent  principles. 


*  Nemo  vero  difficiles  cenfeat  has  quas  fupponimus  circulorum  implicationes  &c.  Kepler, 
epit.  aftron.  p.  502. 
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BOOK  III. 

Of  a  vacuum  in  the  heavens^  and  between  the 
parts  of  bodies:  with  an  experimental  enquiry 
into  the  phyfcal  caufes  of  cohefion  and  repul- 
fion.  ^ 


CHARI. 

Some  pofttive  proofs^  that  a  medium,  different  from  the  rays 
of  lights  is  prefent  in  the  heavens  ;  with' an  anfwer  to  a 
common  objeBion  from  fome  experiments  with  the  baro*- 
meter. 

TH  E  beft-reputed  argument  hitlierto  made  ufe  of  to 
prove  a  vacuum,  has  been  derived  from  a  fuppofed 
neceffuy  for  it,  that  the  bodies  in  the  heavens  may 
be  unrefified  in  their  motions.  But  we  have  been  taught  by 
fome  undeniable  examples,  that  motion  may  continue  un- 
relifted  in  a  refifting  medium,  if  that  medium  be  the  caufe 
of  the  motion  :  fo  that  the  whole  dodlrine  of  refiftance  is  of 
no  ufe,  unlefs  the  queftion  be  firft  granted,  that  the  motion 
of  the  planets  is  not  owing  to  any  material  caufe  •  that  is, 
unlefs  the  very  thing,  which  ought  to  be  proved,  be  taken 
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^  for  granted.  If  the  matter  of  the  heavens  is  not  employed 
as  a  phylical  caufe,  then  indeed  it  will  be  an  obftrudtion, 
and  ferve  only  to  interrupt  and  retard  motion.  If  the 
air  behind  the  fails  of  a  fhrp  were  not  inftrumental  in  dri¬ 
ving  the  fhip  forward  ;  the  air  before  the  fails  would  ferve 
only  to  flop  the  courfe  of  it.  If  a  motion  were  communi¬ 
cated  by  the  hand  to  the  lamp-machine  defcribed  in  the  for¬ 
mer  part  of  this  treatife  %  and  it  were  made  to  turn  upon  its 
centre  when  the  lights  are  extinct ;  the  air  which  furrounds 
the  vanes  would  refift  their  progrefs,  and  the  machine  would 
not  make  near  fo  many  revolutions  as  if  it  had  been  inclu¬ 
ded  in  a  vacuum.  But  if  the  lights  are  burning,  the  cafe 
will  be  entirely  altered,  and  the  air  will  now  conferve  that 
motion,  which  a  while  ago  it  deftroyed.  This  diftindlion  of 
cafes  is  ever  to  be  remembered  in  all  our  phyfical  reafon- 
ings ;  the  moft  ingenious  and  able  philofophers,  by  not  at¬ 
tending  to  it,  have  fallen  into  palpable  miftakes ;  and  it  is 
greatly  to  be  lamented,  that  the  fadt  here  mentioned  has 
found  no  place ’in  the  received  philofophy,  though  it  calls 
itfelf  experimental :  nay  the  impoffibility  of  fuch  a  thing 
has  been  formally  demonftrated  in  a  geometrical  wxf.y 
,  A  vacuum  therefore  is  no  necejfary  principle.  We  fhould 
rather  conclude,  if  we  are  willing  to  be  guided  by  analogy 
and,  experience,  that  as  motion  continues  in  the  heavens, 
%  feme  adive  medium  muft;  be  prefent  for  the  confervation  of 
it.  Let  us  enquire  then,  whether  the  exiftence  of  fuch  a 
medium  in  the  heavens,  exclufive  of  the  rays  of  light,  will 
admit  of  any  pohtive  proof ;  and  whether  we  can  obviate 
a  material  objedlion  which  hath  been  raifed  againft  it :  after 
which  we  will  leave  the  celeftial  vacuum,  and  examine  the 
nature  of  feme  lelTer  vacuums. 


*  See  page  44. 
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So  long  as  the  philofophy  of  Arijlotle  prevailed,  fofitive 
/m^^differing  only  in  fpecie  from  gravity,  was  believed  to 
be  a  quality  of  fome  natural  bodies :  but  the  members  of 
the  Florentine  academy  fhewed  the  falfehood  of  it  by  fome 
judicious  experiments ;  and  it  is  now  determined,  that  if  one 
body  or  fluid  tends  upwards^  it  is  only  becaufe  another  of 
greater  denflty  tends  downward^  and  takes  the  place  of  it. 
Thus  if  air  and  water  be  mixt  together,  both  of  them  gra¬ 
vitate  (as  we  commonly  fpeak)  toward  the  centre  of  the 
earth  ;  but  the  water,  having  the  greater  denflty,  will  gain 
the  loweft  place,  and  in  fo  doing,  caufe  the  air  to  afce7^d 
with  a  velocity  proportional  to  their  difference.  What  is 
here  faid  of  air  and  water,  may  be  applied  to  fmoke  and  air ; 
the  cafes  being  alike  in  all  relpedls.  This  reafoning,  if  found 
to  be  jufl:  in  every  inftance  where  we  have  an  opportunity 
of  making  the  trial,  muff  be  admitted  •  on  all  other  occa- 
flons  of  the  fame  nature,  though  we  have  not  the  like  op¬ 
portunity  ;  according  to  the  known  rule  —  EffeBuwn  natu- 
raliwn  ejufdem  generis  ecedetn  funt  caufce  —  “  Natural  ef- 
‘‘  feds  of  the  fame  kind  muft  be  imputed  to  the  fame 
‘‘caufes.”  If  this  liberty  of  arguing  from  a  flmilarity  of 
effeds  be  once  denied  us,  all  experimental  philofophy  will  be 
in  a  manner  ufelefs. 

I  muft  be  permitted  then,  in  virtue  of  this  rule,  to  argue 
from  the  afcent  of  bodies  near  the  earth’s  furface,  to  the 
like  effed,  when  it  happens  at  any  diftance  from  us  in  the 
heavens ;  as  for  example,  near  the  head  of  a  comet ;  from 
which  an  immenfe  train  of  vapour  is  obferved  to  ffy  off,  or 
rather  to  rife  upwards  into  the  regions  oppoflte  to  the  fun ; 
for  thus  we  fhould  exprefs  ourfelves,  if  we  were  placed  upon 
the  furface  of  it* 
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Now  let  the  obfervation  concerning  fmoke  and  air  be 
here  applied ;  and  it  will  be  more  than  probable,  that  fome 
fluid  in  the  heavens,  of  a  denfity  much  greater  than  thefe 
vapours,  mufl:  be  tending  downwards  to  the  fun,  that  they 
may  be  carried  ofF  in  a  contrary  direction,  according  to  the 
law  above-mentioned.  For  the  fame  reafon,  this  fluid  ought 
to  be  prefen t  in  all  the  Ipaces,  through  which  the  tail  of  a 
comet  is  known  to  extend  itfelf,  which  is  fometimes  to  an 
almoft  incredible  diflance  :  otherwife  the  principle  of  a  po- 
fltive  levity,  or  fomething  equally  unaccountable,  muft  be 
admitted  as  a  confequence.  An  imaginary  atmofphere,  fur- 
rounding  the  nucleus  of  the  conjet,  will  give  us  but  little 
aid ;  the  cafe  not  being  paralleled  ( I  mean  with  refped:  to 
the  comet  and  its  own  atmofphere)  by  any  thing  that  happens 
within  the  atmofphere  of  this  earth ;  in  which  fmoke  and 
vapour  will  rife  up  on  every  flde  indifferently,  as  well  at 
noonday  as  at  midnight ;  and  will  go,  either  toward  the  fun, 
or  from  it.  But  the  tail  of  a  comet,  after  it  has  pafled  its 
perihelion,  as  well  as  before^  is  turned  away  from  the  fun ; 
at  which  time,  as  we  fhould  naturally  exped,  fome  more 
loofe  and  detached  particles  might  be  left  behind  by  the  re- 
flftance  of  fome  astherial  medium,  and  carried  toward  the 
fun  by  their  gravity  :  the  contrary  to  which  hath  always 
been  obferved  to  happen :  fo  that  we  muft  impute  the  whole 
effe6l  to  an  univerfally  extended  atmofphere,  not  of  the  comet 
itfelf^  but  of  the  fun. 

This  phoenomenon,  though  very  diftant  and  inacceflible, 
is  neverthelefs  fo  clear  in  itfelf,  and  its  application  is  fo  ob¬ 
vious,  that  it  cannot  eafily  be  mifunderftood.  Thofe  who 
believe  the  heavens  to  be  nothing  but  an  immenfe  vacuum, 
are  bound  in  reafon,  I  think,  ^  to  give  us  fuch  an  account  of 
it,  as  fhall  be  fatisfadory  in  itfelf  and  conflftent  with  their 
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own  principle.  If  no  fuch  account  can  be  given,  there  will 
be  a  neceflity  for  introducing  fome  fluid  into  the  heavens 
beflde  the  rays  of  light ;  and  when  we  fpeak  of  fuch  a  thing, 
we  fhall  do  it  with  reafon,  with  obfervation,  and  I  may 
add  with  Sir  Ifaac  Newton  alfo,  on  our  flde  ;  who  feems 
to  have  confidered  this  matter  attentively,  and  has  granted 
all  we  can  deflre  of  him.  His  words  are  thefe  —  “For  as 
‘  ‘  in  our  air^  the  fmoke  of  any  body  that  is  fet  on  fire  goes 
“upwards,  and  that  perpendicularly  if  the  body  be* at  reft, 
“  or  obliquely  if  it  be  moved  fideway  :  fo  m  the  heavens^ 
“  where  bodies  gravitate  toward  the  fun,  fmoke  and  vapours 
“ought  to  afcend  from  the  fun, .and  go  off  to  the  higher 
“  regions  This  whole  pafi'age  being  very  important^  I 
muft  beg  leave  to  fubjoin  a  few  fhort  remarks  upon  the  fe- 
veral  portions  of  it. 

“  For  as  in  our  air,  the  fmoke  of  any  body  that  is  fet  on 
“  fire  goes  upwards”  &c.  The  reafon  already  afligned  for 
this  need  not  be  repeated.  Should  it  be  difputed,  experiment 
will  make  it  good.  For  let  any  burning  matter  be  placed 
under  a  pneumatic  receiver,  not  exhaufted  of  its  air  ;  the 
fmoke  will  rife  up  perpendicularly,  and  with  a  confiderable 
velocity  ;  but  when  the,  air  is  exhaufted,  the  fmoke,  inftead 
of  rifing  up  as  before,  will  either  fink  down  like  water,  or 
hover  as  an  atmofphere  about  the  ignited  body.  It  follows 
from  this  experiment,  and  many  others,  that  a  fluid  which 
is  light  and  rare,  cannot  afcend  by  any  innate  quality  of  its 
own ;  but  muft  be  impelled,  or  forced  up,  by  another  fluid 
more  denfe  and  weighty.  ^ 

*  Etenim  ut  in  acre  noftro,*fumus  corporis  cujufvis  petit  fuperiora,  idque  perpendicularitcr 
fi  corpus  quiefcat,  vel  oblique  fx  corpus  moveatur  in  latus  :  ita  in  ccelis,  ubi  corpora  gravitant 
in  foleni,  fumi  &  vapores  afeendere  debent  a  foie,  &  fuperiora  vel  reiila  petere.  Princ'p. 
p. 469. 


122  A  V  A  C  U  U  M  I  N 

1 

This  afcent  of  fmoke  &c.  will  be  ‘‘perpendicular  if 
“  the  body  be  at  reft,  or  oblique  if  -  it  be  moved  ftdeway.’* 
Thus  the  flame  of  a  candle  will  have  a  perpendicular  direc- 
tion  if  it  is  at  reft ;  but  il  it  is  carried  forward,  and  meets 
with  a  refiftance  from  the  air,  the  flame  will  then  have  an 
oblique  diredlion,  and  be  more  bright  and  better  defined  at 
the  edge  where  the'  refiftance  is  made,  than  at  the  other. 
Aftronomers  tell  us,' the  like  has  been  obferved  in  the  tail  of 
a  comet.  But  we  are  coming  now  to  the  application. 

“So  in  the  heavens,  where  bodies  gravitate  toward  the 
“  fun,  fmoke  and  vapours  ought  to  afcend  from  the  fun.” 
As  on  the  earth,  to  which  bodies  gravitate,  fmoke  afcends 
through  air,  becaufe  the  air  forces  it  up  by  gravitating  more 
than  the  fmoke ;  fo  in  the  heavens,  which  according  to  this 
fame  author  are  empty  of  air  and  of  all  Je?ifible  matter^  vapours 
ought  to  afcend  from  the  fun.  How  can  thefe  things  ftand 
together  ?  Would  it  not  be  better  totally  to  difbelieve  a  va- 
cuujn  in  the  heavens,  than  to  be  thus  diftrefied  with  con- 
'  tradidlions?  Sir  Ifaac  hirnfelf,  upon  this  occafion  at  leaft, 
feems  to  have  thought  fo ;  therefore  he  adds  again  very  ex- 
preflly  in  another  place  —  “  Smoke  afcends  in  a  chimney 
“  by  the  impulfe  of  the  air  in  which  it  floats.  This  air, 
“  being  rarefied  by  heat,  rifes  up,  becaufe  its  Ipecific  gravity 
“  is  diminiihed,  and  carries  off  the  fmoke  entanorfed  with  it. 
“  Why  may  not  the  tail  of  a  comet  afcend  from  the  fun 
“  after  the  fame  manner^?”  There  can  be  no  objection  ta 
this,  but  that  the  heavens  will  not  then  be  empty.  Vapours 
cannot  afcend  from  the  fun  after  the  fame  manner  as  fmoke 

I 

*  Afcendit  fumus  in  camino  irapulfu  aeris  cui  innatat.  Aef  ille,  per  calorem  rarefaftus, 
afeendit  ob  dimitiutam  fuam  fpecificam  gravitatem,  &  fumum  implicatum  rapit  fecum.  Quidni 
cauda  cometae.ad  eundem  modum  afeenderit  a  foie  !  Ibid.  p.  472. 
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rrifes  in  a  chimney,  if  in  the  fpaces  through  which  they 
afcend,  there  be  neither  impulfe^  nor  atr^  nor  any  fenj%k 
matter, 

I  F  we  agree  here  with  Sir  Ifaac  Newton^  and  determine 
thefe  cafes  to  be  parallel,  the  conclufion  will  be  unexception¬ 
able  ;  that  as  the  in  which  fmoke  afcends,  is  no  va- 
cumn\  fo  neither  are  the  fpaces  through  which  vapours 
afcend  from  a  comet. 

And  to  go  a  ftep  farther,  the  reafoning  which  hath  been 
applied  to  thefe  vapours,  may  be  applied  with  the  fame  pro¬ 
priety  to  the  rays  of  the  fmi ;  for  as  the  motion  of  both  is 
in  the  feme  dire6lion,  no  dijfFerence  between  them,  in  any 
other  refped;,  will  be  material.  Light  then  muft  be  propa¬ 
gated  from  the  fan,  either  by  an  innate  levity ^  in  a  manner 
not  analogous  to  any  thing  we  are  acquainted  with ;  to  ftip- 
pofe  whkh  is  to  give  up  the  whole  caufe  j  or  by  the  pref- 
fure  of  fome  denfer  medium  going  downward  to  the  fun.  It 
is  true,  Sir  Ifaac  in  his  treatife  on  optics,  hath  reje6i:ed  all 
fuch  mediums  in  a  peremptory  ftrain :  but  if  his  theory  of 
refiftance  hath  failed,  we  may  be  able  to  furmount  all  leffer 
difficnlties.  Indeed  I  know  but  of  one  that  deferves  to  be 
confidered.  Upon  a  firfl:  view  of  it,  it  threatens  us  with 
feme  trouble,  and  will  put  us  upon-  an  exacft  enquiry. 

It  hath  been  judged  from  fome  experiments  with  the 
baromete'r,^  that  we  are  now  able  to  calculate  the  height  of 
the  air  which-  fiirrounds  thfe  globe,  and  to'  fix  very  nearly 
upon  that  diftancey  beyond  whieh,-  if  there  is  any  matter  at 
all^  it  muft  ht  per exi'gUa  “  exceedingly  little,”  autci  longe  te- 
7iutjfimar  “  an  air  thin  beyond  expreftion.-”  The  weight  of  the 
atmofphere  at  a  middle  ftate,  is  equal  to  2  9  \  inches  of  mer¬ 
cury,  at  the  furface  of  the  fea.  If  we  afcend  to  the  height 
of  800  feet,  it  will  fink  an  inch  lower  \  at  double  that 

0^2  height, 


12+  A-  VACUUM  IN 

height,  it  will  be  lower  ftill  ;  and  fo  on,  as  far  as  we  can 
convey  ourfelves  to  make  the  trial.  Hence  it  is  prefiimed 
there  is  a  certain  diftance  above  the  earth’s  furface,  at  which 
the  mercury  in  the  barometer  would  fall  to  a  level  with  its 
cirtern  ;  and  confequently  the  heavens,  at  that  diftance,  muft 
be  empty  of  air,  at  lead  of  fuch  air  as  is  attended  with  any 
fenfible  prefllire  upon  the  furface  of  bodies. 

From  all  that  has  hitherto  been  done  upon  this  fubjedt, 
it  does  not  appear  that  a  theory  can  be  laid  down,  fo  as  to 
determine  the  ftations  of  the  barometer  with  accuracy,  when 
the  elevations  above  the  furface  of  the  earth  are  very  great. 
When  they  are  but  moderate,  this  method  of  meafuring  al¬ 
titudes  is  very  convenient,  and  comes  nearer  to  the  truth 
.than  a  quadrant  and  a  trigonometrical  operation  would  do. 
But,  I  apprehend,  the  higher  we  go,  the  greater  will  be  the 
error.  Between  Drs.  Halley  and  Scheuchzer  there  is  a  diffe¬ 
rence  of  near  800  feet  in  5000.  The  former  of  thefe  hav¬ 
ing  eredfed  a  theory  %  finds  art  elevation  of  5000  feet  re- 
quifite  to  reduce  the  bai'ometer  to  24.  93  inches ;  while  the 
latter,  who  purfued  his  enquiries  with  great  diligence,  and 
every  imaginable  advantage,  upon  the  alps  of  Switzerlandy 
reduces  the  barometer  to  the  fame  ftation,  with  an  elevation 
of  4241  Englijh  feet -f.  There  are  other  calculations  of 
Mariotte  and  Cajftni^  which  differ  widely  from  each  other. 

But  to  come  to  the  point.  That  there  really  is  any  ima¬ 
ginable  elevation  above  the  furface  of  the  earth,  at  which 
the  barometer  would  have  no  altitude,  and  the  air  no  per¬ 
ceptible  denfity,  cannot  be  inferred  from  any  barometrical 
experiments ;  all  of  them  having  been  taken  in  that  lower 
regmty  within  which  the  air  is  no  other  than  a  menftruum, 


*  For  a  particular  account  of  it,  fee  Philof.  Tranf.  No.  i8i.  p.  104. 
/•f"  Bte  Ihid.  No,  406,  p- 577- 
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{aturated  to  an  high  degree  with  heterogeneous  particles  of 
a'  grofler  fubftance,  and  more  efpecially  with  the  particles  of 
water.  The  clouds  indeed,  at  leafl;  in  this  country,  are  very 
rarely  higher  than  three  quarters  of  a  mile,  even  in  the 
moft  ferene  weather,  when  the  barometer  is  high ;  and 
fometimes  they  do  not  exceed  feven  or  eight  hundred  yards, 
as  I  have  found  by  obferving  their  altitude  at  different  fea- 
fons :  but  we  fhall  err  greatly  if  we  imagine  the  watry  va¬ 
pours  to  be  carried  no  higher  than  to  the  path  ~oF  tfi^fe 
clouds ;  for  mountains,  above  a  mile  in  height,  being  co¬ 
vered  with  fnow^'  muff  be  within  the  region  of  vapours. 
When  Mr.  Ray  as  he  tells  us  himfelf,  was  croffing  the  high- 
eft  ridge  of  the  alps  in  the  country  of  the  Grifons^  it  fnowed 
very  faft  during  his  whole  pafiage,  and  “  the  clouds  feeirted 
‘‘  to  be  as  far  above  his  head  as  they  do  here  in  England'* 
At  the  top  of  the  Pico  Te?teriffe^  as  Dr.  Sprat  has  delivered 
the  account  in  his  admirable  hijlory  of  the  royal  fociety^  “  a 
‘‘  perfon  found  himfelf  all  wet,  and  perceived  it  to  come 
from  a  perpetual  trickling  of  water  from  the  rocks  above 
“him.”  Another  account,  in  xht  philofophical Jranfa&ions^ 
fpeaks  of  a  dew  falling  there,  at  the  very  fummit,  fo  copi¬ 
ous  as  to  wet  the  clothes  of  the  company ;  and  it  lafted  till 
fun  rifing  -f .  V arenius  fuppofes,  after  all  the  proper  deduc¬ 
tions  for  refradion  &c.  that  the  top  of  this  mountain  is  vi- 
fible  at  the  diftance  of  two  degrees  and  an  half  upon  the 
meridian  ;  whence  the  height  of  it  will  be  three  EngUJJj 
miles  and  three  quarters.  Whether  this  calculation  be  ex- 
adly  right  or  not,  though  I  think  the  real  height  cannot  be 
very  far  fhort  of  it,  certain  it  is,  as  V arenius  hath  obfervcd, 


/"  *  Three  difcourfes.  p.  104.^ 


/  t  N.  345.  p.  3i7'> 
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quM  non  ultra  mediant  regtonetn  aeris  protendatur  that 

“  it  is  not  extended  beyond  the  middle  region  of  the  air.** 
How  much  higher  the  watry  vapours  may  afcend,  it  will  be 
hard  to  fay ;  but  fo  high  th^-certainly  do  afcend. 

From  a  very  common  experiment  with  the  air-pump, 
water  appears  to  be  at  all  times  fufpended  in  the  element 
of  air.  After  a  ftroke  or  two  of  the  pump,  the  remaining 
air  within  a  receiver,  being  rendered  lighter,  never  fails  to 
let  fall  a  cloud  of  vapours.  Dry  fait  of  tartar  inclofed  in  a 
glafs  well  ftopt,  will  imbibe  fo  much  water  as  to  make  up 
the  largeft  part  of  the  weight  of  the  included  air :  which 
led  Dr.  Boerhaave  to  conje(flure,  that  pure  air,  in  its  elaffic 
ftate,  does  not  gravitate  at  all  •f*.  J  have  fometimes  admit¬ 
ted  air  into  an  exh^ufted  veffel,  '"fitted  for  the  purpofe,  firft 
in  a  dry  room  with  a  fire  in  it,  then  upon  a  damp  ftair- 
cafe,  and  have  found  the  latter  to  be  fomething  heavier,  by 
hanging  the  vefiel  to  the  arm  of  a  ballance. 

All  thefe  fadls  fhould  be  taken  into  the  account,  and^ 
fome  allowance  be  made  for  them  in  our  modern  atmolphe- 
rical  theories.  They  will  not  prove  perhaps  that  pure  air  is 
abfolutely  without  gravity,  which  is  what  I  cannot  believe ; 
but  they  will  prove  very  well  what  I  intended  to  fhew,  that 
experiments  made  within  the  lower  regions  of  the  air,  are 
by  no  means  conclufive  when  applied  to  the  higher,  inta 
which  no  barometer  will  ever  be  transported,  unlels  Dr. 
WilUns\  fcheme  for 
be  put  in  execution. 

T  o  this  admixture  of  vapours,  might  pofiibly  be  owing 
thofe  unexpected  irregularities  in  the  barometer,  which  al- 
moft  threw  the  induftrious  Scheuchzer  into  defpair.  During 


flying  up  to  the  moon  fhall  hereafter 


/s.  *  Geograph,  lib,  i.  cap.  g  &  10.^ 

f  See  his  method  of  chemijlry  by  Dr.  Shamu.  vol.  I.  p.  400.  and  419. 
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his  peregrination  upon  the  alps,  the  mercurial  column  was 
fometimes  higher  upon  thofe  mountains,  than  it  was  obferved 
to  ftand  on  the  fame  day,  and  with  the  fame  temperature, 
at  Zurich  ;  which  is  diredlly  oppohte  to  the  received  rule 
He  imputes  this  to  the  greater  pw^ity  and  elajiicity  of  the  air 
in  the  alpine  regions,  Thefe  irregularities  however  drew 
from  him  the  following  confeflion,  for  which  he  is  much  to 
,be  honoured  —  “I  pretend  not  to  lay  down  the  truth,  as 
if  it  w^ere  fully  cleared  of  every  doubt ;  for  after  all  my 
“  enquiries,  it  feems  to  be  ftill  concealed  under  a  cloud  -f 
and  indeed  fo  it  is ;  if,  by  the  truthy  we  underftand  that 
theory  of  the  atmofphere,  which  terminates  in  a  vacuum, 

:"B  u  T  after  all,  one  politive  proof  with  regard  to  the 
higher  regions,  would  be  worth  all  that  can  be  faid  in  an-- 
fwcr  to  experiments  on  account  of  their  not  having  been 
ailually  taken  within  them.  Such  a  proof  k  to  be  met  with, 
fo  plain  and  ftriking,  that  I  may  venture  to  reft  this,  whole 
affair  upon  the  ftrength  of  it. 

.  According  to  the  prefent  ftate  of  experimental  philofo- 
phy,  air  is  allowed  to  be  the  vehicle  of  found :  and  whe¬ 
ther  it  be  the  proper  pabiifom  of  fire  or  not,  it  is,  generally 
fpeaking,.  necefiary  to  the  of  fire,  and  to  the  pre- 

fervation  of  it.  When  the  receiver  of  an  air-pump  is  well 
exhaufted,  a  fmall  bell  cannot  be  heard  to  tranfmit  any  of 
its  found,-  if  it  be  prevented,  (as  it  eafily  may)  from  com¬ 
municating.,  its  tremors  to  the  external  air,  through  the  folid 
matter  of  the  machine.  Gunpowder  .will  not  take  fire  in 
fuch  a  ipace ;  and  a  candle  will  expire,  before  half  the  air 
can  be  extradled.  Thefe  things  being  premifed,  I  proceed 
to  my  narrative. 

*  Itinera  Alpina.  p.  15.  Itin.  fecund.  -  diverforio  Ragazienji  Sec. 

/-  -f-  Imo  nec  prsetendo  veritatem  omnibus  dubiis  plene  liberatam  adhuc  dum  fiflere,  qusc  operta 
nubium  involucris  mihi  ipfi  videtur.  3id.  p.  9. 

In 
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In  the  year  1719,  a  meteor^  very  far  exceeding  the  moon 
in  liiftre,  and  nearly  as  large  in  appearance,  was  feen  over 
all  the  parts  of  Great  Britain^  Ireland^  and  Holland^  the 
nearer  parts  of  Germany^  France  and  Spain^  at  one  and  the 
fame  inftant  of  time.  Its  apparent  altitudes  were  acciden¬ 
tally  obferved  by  fkilful  perfons  at  Londo?t^  Oxford^  and  W or- 
cejlei\  and  near  enough  to  the  truth,  by  the  affiftance  of  the 
ftars.  The  horizontal  diftances  of  thefe  places  being  known, 
together  with  the  femidiameter  of  the  earth,  and  the  diffe¬ 
rent  angles  under  which  the  phoenomenon  appeared  to  dif- 
tant  fpediators  at  the  fame  time,  its  abfolute  height  above 
the  earth’s  lurface  may  thence  be  found  to  a  degree  of  cer¬ 
tainty,  which  will  not  be  difputed  by  thofe  who  are  ac¬ 
quainted  with  the  rules  of  trigonometry.  From  thefe  data, 
it  appears  to  have  been  about  70  ftatute  miles  high.  Over 
Devonjhire^  Cornwall^  and  the  neighbouring  counties,  an 
exploftqn  was  heard,  equal  to  a  report  from  a  broadfide  of 
the  heavieft  cannon  at  fome  diflance,  which  was  foon  fol¬ 
lowed  by  a  rattling  noife,  as  if  many  fmall  arms  had  been 
promifcuoufly  difeharged.  This  found  was  attended  with 
an  uncommon  tremor  of  the  air,  and  every  where  in  thofe 
counties  very  fenfibly  fhook  the  glafs  windows  and  doors  of 
the  houfes,  and  even  the  houfes  themfelves,  beyond  the  ufual 
effedls  of  cannon  when  fired  near  at  hand. 

The  account  of  this  meteor  was  drawn  up  at  large  by 
Dr.  Halley^  from  the  intelligence  received  upon  the  occafion 
by  the  royal  fociety*.  The  conclufion  from  the  whole  is 
plain  enough :  therefore  inflead  of  making  any  remarks  of 
my  own  upon  it,  I  fhall  add  the  more  weighty  and  inge^ 

*  Phil.  TratifaSl.  No.  360.  p-978.  This  account  is  preceded  by  feveml  others,  leading  to 
the  fame  conclufion,  in  the  2d  vol.  of  Mr.  Motits  continuation  of  Lo^vthorp'i  abridgment 
p.  138. 
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nuous  reflexion  of  the  celebrated  author  himfelf  —  what 
‘‘  may  be  faid  to  the  propagation  of  found  through  a  me- 
dium,  according  to  the  received  theory  of  the  air,  above 
300,000  times  rarer  than  what  we  breathe,  and  next  to  a 
‘‘  vacuum,  I  muji  confefs^  I  know 


^  C  H  A  P.  ir. 

So?m  pojitive  proofs^  that  a  medium,  endued  with  very  great 
force,  is  prefent  between  the  interftices  of  grojfer  bodies^ 
and  in  other  fpaces  ufually  called  vacuums. 

Leaving  then  the  celefl:ial  vacuum  >  to  be  proved  by 
fome  future  arguments,  more  unexceptionable  than 
any  hitherto  advanced ;  we  mufl:  defcend  to  examine  the 
ftate  of  fome  lefler  vacuums ;  whether  made  by  the  help  of 
art  and  machinery,  or  left  by  nature  itfelf  in  the  interflicial 
vacuities  of  folid  or  fluid  bodies.  That  none  of  thefe  can 
with  any  philofophical  ftriiflnefs  be  termed  vacuums^  though 
we  are  Ibmetimes  obliged,  for  the  fake  of  diftindtion,  to  call 
them  fuch  in  common  difcourfe,  will  be  clear  from  the  fol¬ 
lowing  conflderations. 

Suppose  a  receiver  (plate  III.  fig.  i.)  to  be  placed  upon 
an  air-pump,  and  well  evacuated.  Into  the  plate  at  the  top 
of  it,  a  cylinder  of  wood  or  metal  is  infeited,  and  made  to 
communicate  with  an  ele&ical  machine  in  motion.  If  the 
room  be  dark,  a  flream  of  fire  will  be  feen  to  iffue  from  the 

R  lower 
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lower  end  of  the  eledrifed  cylinder,  and  go  ftrait  down  to 
the  plate  at  the  bottom.  But  if  any  perfon  applies  his  fin¬ 
ger  to  the  fide  of  the  glafs,  as  in  fig.  1 1 .  the  ftrearn  will 
receive  a  new  diredion,  and  be  bent  to  that  part  of  the  glafs 
to  which  the  finger  is  applied.  The  better  the  receiver  is  clear¬ 
ed  of  its  air,  the  better  this  effed  will  be  found  to  an- 
fwer.  ' 

In  the  opinion  of  fome  fpedators,  prepoflefied  with  the 
notion  of  qualities^  this  might  pafs  for  a  good  proof,  that 
the  finger  attraB^  the  fire.  Neverthelefs,  that  fome  fubtil 
medium,  though  invifible,  is  prefent  to  divert  the  courfe  of 
the  fire,  may  thus  be  proved.  It  may  be  previoufly  learnt 
from  fome  other  experiments,  that  the  eledrical  fluid  is  ad- 
ed  upon  according  to  mechanical  laws.  Thus,  for  example, 
the  refiftance  of  the  air  being  much  greater  upon  the  fphe- 
rical  furface  of  a  large  cannon  bullet,  than  upon  the  point 
of  an  iron  rod ;  the  fire  will  be  confined  within  the  bullet, 
while  it  efcapes  with  eafe  from  the  point  of  the  rod.  Where 
the  refiftance  of  the  air  is  removed  from  one  part  of  a  body 
while  it  ads  upon  another,  the  eledrical  ftrearn  will  go  off 
at  that  part,  from  which  the  refiftance  is  removed,  without 
any  regard  to  the  figure  of  the  body.  In  fhort,  it  is  found 
from  thefe  plain  and  intelligible  cafes,  that  this  fluid  aSis  as 
it  happens  to  be  aEied  upon^  and  is  impelled  to  that  fide, 
where  it  meets  with  the  leaft  degree  of  preflhre.  As  the 
medium  within  the  pores  of  folid  bodies,  is  known  to  refift 
it  lefs  than  any  other  we  are  acquainted  with,  for  this  rea- 
fon  it  is  driven  toward  the  finger.  But  then  if  there  be  no 
medium  within  the  glafs,  the  ftrearn  will  be  equally  afieded 
on  every  fide ;  or,  which  is  the  fame  thing,  not  prefTed  at 
all  on  any  fide,  and  ought  to  go  diredly  down  to  the  plate, 
as  before  in  fig.  i  \  for  an  abfolute  vacuum,  which  is  no¬ 
things 
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things  cannot  be  able  to  impel  and  divert  the  courfe  of  it. 
If  it  is  drawn  to  the  finger  by  an  unmechanical  attradlive 
quality ;  then  I  am  to  conclude,  againfl;  all  reafon,  that  this 
fluid  is  unlike  to  itfelf ;  mechanical  on  fome  occafions,  and 
unmechanical  on  others.  But  we  are  under  no  neceflity  of 
falling  into  fuch  a  contradiction.  An  agent  capable  of  act¬ 
ing  upon  it  by  a  mechanical  impuHe  or  preffure,  is  prefent 
within  the  receiver;  and  if  the  reader  is  not  convinced  of 
this,  by  what  I  have  already  faid  (as  I  can  hardly  expeCl  he 
will,  if  thefe  things  are  new  to  him)  what  I  am  going  to 
add  will  give  fome  farther  fatisfaCtion. 

I  F  the  electrical  aether  be  elajlic^  as  it  is  generally  ima¬ 
gined  to  be,  how  can  it  pafs  in  an  uninterrupted  column 
through  an  exhaufted  receiver,  as  it  does  in  fig.  i  ?  A  co¬ 
lumn  of  air,  moved  fwiftly  thro’  the  orifice  of  a  fmall  pipe, 
will  go  forward  a  confiderable  way,  if  it  moves  through 
other  air  which  is  a  counterballance  to  it  on  every  fide  :  but 
if  fuch  a  column  of  air  enters  a  vacuum,  what  we  call  its 
elajiicity  occafions  it  to  be  difllpated  in  a  moment,  and 
equably  diffufed  throughout  the  whole  exhaufted  fpace.  As 
the  like  does  not  happen  to  the  eledric  fire,  it  is  either  not 
elaftic,  which  cannot  be  fuppofed,  or  the  ftream  is  counter- 
ballanced  on  every  fide  by  a  medium  of  its  own  kind,  which 
prevents  its  diflipation.  When  it  enters  a  medium  rarer 
(that  is,  of  more  fubtil  parts)  than  itfelf,  as  within  the  pores 
of  clofe  and  denfe  bodies,  it  is  then  equably  diffufed,  like 
the  column  of  air  when  it  enters  the  exhaufted  receiver. 
When  it  meets  with  a  medium  denfer  than  itfelf,  as  within 
the  more  open  pores  of  glafs,  amber,  rofin  &c.  it  will  not 
enter  without  fome  violence ;  as  air  is  with  difficulty  forced 
into  and  confined  under  water.  From  thefe  few  and  obvi¬ 
ous  principles,  naturally  fuggefted  by  a  fimilarity  of  circum- 
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fiances  in  the  air,  a  fluid  more  intelligible  than  the  fubtH 
aether  with  which  we  have  had  but  a  fhort  acquaintance, 
the  moft  difficult  appearances  in  eledricity  may  be  accounted 
for. 

The  prefence  of  a  medium  within  an  exhaufted  receiver 
doth  alfo  follow,  becaufe  there  is  no  fpace,  how  perfedly 
foever  it  may  be  evacuated  of  common  air,  wherein  fire  will 
not  rife  perpendicularly  upwards  from  a  red  hot  iron,  and 
heat  a  receiver  at  the  top  more  than  at  the  fides,  though 
they  are  neareft  to  the  fire.  The  fumes  of  gunpowder  will 
be  carried  up  together  with  the  fire,  and  in  the  dark  will 
exhibit  a  beautiful  appearance,  verymuch  refembling  that 
of  an  aurora  borealis,  I  made  this  experiment  with  the  mer¬ 
curial  gauge  at  29  inches;  and  it  would  fucceed,  as  we 
have  no  reafon  to  doubt,  could  it  be  brought  to  the  full  height 
of  a  good  barometer.  From  this  forcible  afcent  of  the  fire 
and  fumes,  there  mufl  be  other  matter  in  what  we  call  the 
empty  fpace,  by  the  prejfure  of  which  the  fire  is  driven  up¬ 
ward.  Thus  we  argue  in  all  parallel  cafes ;  and  if  this  be 
excepted,^  we  mufl  have  recourfe  to  an  innate  levity ,,  which 
has  long  been  exploded,  and  juftly  enough  Dr.  Halley  in¬ 
deed  does  allow  of  a  tendency  contrary  to  gravity and  an 
innate  levity ;  but  I  apprehend  we  are  to  take  thefe  for  no¬ 
thing  more  than  unwary  expreffions. 

The  fpace  at  the  top  of  a  barometrical  tube,  if  the  mer¬ 
cury  be  pure,  and  the  glafs  clean  and  dry,  is  a  much  better 
vacuum  than  that  of  a  pneumatic  receiver.  But  the  more 
effedlually  it  is  cleared  of  air,  the  better  opportunity  we  have 
of  Ihewing  it  to  be  filled  with  other  matter.  For  let  the 
tube  be  inclined  a  little  from  the  perpendicular,  till  the 
mercury  reaches  to  the  crown  of  it ;  then  if  it  be  fuddenly 
reftored  to  its  firft  pofition,  and  the  room  be  well  darkened, 

^  *  See  page  119  &c. 


PARTS  OF  SOLID  BODIES  &c.  133 

or  the  experiment  performed  in  the  night,  a  pale  light  will 
be  feen  to  occupy  the  fpace,  as  faft  as  it  is  deferted  by  the 
mercury ;  and  this  light  will  return,  as  it  were  by  flafhes, 
fo  long  as  the  mercury  continues  to  vibrate  in  the  tube. 

It  was  the  fafhion,  fome  years  ago,  to  give  this  barome¬ 
trical  light  the  name  of  a  mercurial  phofphorus ;  as  if  it  were 
an  anomalous  produdion  from  the  mercury :  whereas  this 
light  and  the  eledrical  «ther,  as  fome  farther  enquiries  have 
taught  us,  are  one  and  the  fame  fluid ;  and  the  mercury  is 
not  neceflary  to  the  effed.  If  the  glafs  of  the  tube  be  very 
thin,  let  the  top  of  it  be  made  to  touch  the  cor^duSior  of  an 
eledrical  machine,  and  the  light  will  give  the  fame  appear¬ 
ance  as  if  the  tube  had  been  agitated.  After  this,  empty 
the  tube  of  its  mercury,  and  add  fome  contrivance  for  ex- 
haufting  it  by  the  air-pump ;  then  let  it  be  applied  to  the 
condudor  as  before,  and  ftill  you  will  have  the  fame  appear¬ 
ance  of  light. 

Wh  E  N  a  bafon  of  mercury  is  agitated  m  vacuOy  large 
flafhes  of  light  will  feem  to  be  refleded  from  the  furface  of 
it.  The  mercury  does  not  create  this  light,  but  only  ren¬ 
ders  vijible  a  fluid  already  prefent  in  the  exhaufted  Ipace, 
For  the  matter  of  light  may,  and  adually  does,  exift,  where 
the  fenfe  of  feeing  will  give  us  no  information  of  it.  A  piece 
of  folid  phofphoruSy  immerfed  in  a  phial  of  water,  is  in  all 
appearance  as  cold  and  opaque  as  a  lump  of  hard  wax  :  but 
as  foon  as  it  is  taken  out  and  expofed  to  the  air,  it  fmokes 
and  fhines,  and  if  excited  by  a  fmart  fridion  will  inftantly 
break  out  into  an  adual  flame.  This  fubftance  feems  to  be 
a  mere  creature  of  the  fire,  like  fixt  alcaline  falts  and  ma¬ 
ny  other  produdions  of  chemiftry ;  and  in  its  preparation 
abforbs  a  large  portion  of  that  element  into  its  pores;  whence 
Lemerjy  with  great  propriety,  calls  it  a  jire-fponge.  So  long 

as 
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as  it  remains  under  water,  the  imprifoned  fire  is  kept  in  a 
quiefcent  and  invifible  ftate ;  but  if  that  preflure  be  re¬ 
moved,  it  breaks  out  in  a  ftream,  flying  oft  as  fire  does 
from  any  other  fort  of  fuel.  It  efcapes  more  eafily  under  an 
exhaufted  receiver,  than  under  the  preflTure  of  the  atmo- 
Iphere ;  for  the  fame  reafon  that  a  veflTel  of  hot  water  will 
grow  cold,  and  part  with  its  fire  much  fooner  under  the  like 
circumftances ;  and  the  eledlrical  phial,  inftead  of  being 
charged,  will  return  back  its  fire,  as  fafl:  as  it  is  infufed. 

But  the  nature  of  that  fubtil  medium,  which  remains 
in  every  Ipace  from  which  the  grofler  air  is  exhaufted,  may 
be  farther  underftood,  by  enquiring  into  the  force  and  con¬ 
dition  of  it  within  the  interjlicial  vacuities  of  fluid  or  folid 
bodies.  And  as  I  fhall  -take  the  liberty  to  fpeak  of  electric 
and  elementary  fire,  as  if  both  were  but  one  and  the  fame 
thing,  I  muft  interrupt  a  little  the  order  of  my  difeourfe, 
by  inferting  my  reafons  for  fo  doing ;  becaufe  fome  ingeni¬ 
ous  men  fufpeA  them  to  be  different,  and  have  attempted 
to  render  it  probable  by  experiment,  though  their  reafoning 
is  not  fo  ftrid:  as  to  deferve  any  particular  examination. 

I .  We  call  that  elementary  fire,  which  lights  a  candle, 
kindles  fpirits,  and  fires  gunpowder.  The  eledlrical  cether 
will  do  all  thefe ;  and  if  it  be  different  from  elementary  fire, 
then  we  have  two  material  caufes  in  nature,  intended  to  pro¬ 
duce  the  fame  effe<fts,  when  either  of  thefe  alone  would 
have  been  fufficient.  And  again ;  2dly,  if  the  eledrical  fire 
will  have  the  effeds  of  the  elementary,  it  is  equally  true, 
that  the  elementary  will  have  the  effeds  of  the  eledrical. 
The  rays  of  the  fun  will  put  amber  and  rofin  into  an  at- 
trading  and  repelling  ftate :  the  folar  fluid  being  put  into 
motion  within  the  pores  of  thefe  bodies,  produces  the  fame 
effeds  with  the  eledrical ;  and  in  fome  particular  fubftances 

'  .  a  culi- 
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a  culinary  fire  will  do  the  like ;  though  neither  of  them  in 
any  very  confiderable  degree.  3.  The  light  emitted  by  the 
attrition  of  a  glals  globe,  and  more  efpecially  the  fpark  of 
the  electric  explofion,  may  be  divided,  by  viewing  it  through 
a  prifm,  into  the  feven  primordial  colours,  like  the  element 
that  flows  from  the  fun,  or  the  light  emitted  by  a  common 
fire ;  and  the  ftreams  of  this  matter,  within  an  exhaufted 
globe  of  glafs,  afilime  all  the  colours  of  the  rainbow ;  of 
which  phoenomenon,  fome  experiments  mentioned  in  the 
optics  of  Sir  Ifaac  Newto7t^  would  afford  a  good  folution. 
4.  When  the  folar  light  paffes  through  a  leaf  of  gold,  held 
up  between  the  eye  and  a  window,  only  the  green-making 
rays  are  tranfmitted ;  and  it  is  remarkable,  that  the  ele&ical 
fpark,  which  iffues  from  a  body  covered  with  leaf  gold,  is 
of  the  fame  colour,  though  fomething  more  dilute.  Upon 
the  whole,  if  thefe  fluids,  which  thus  mutually  and  in  all  re- 
Ipeds  affume  each  others  offices  and  properties,  are  not  the 
fame ;  experiment  is  a  thing  not  to  be  depended  upon,  and 
the  mofl  obvious  rules  of  philofophizing,  adopted  and  ap¬ 
proved  by  all  parties,  are  no  better  than  fpecious  deceptions. 
That  the  eledrical  fluid  is  the  fame  with  that  which  is  fent 
from  the  fun  in  the  form  of  Ught^  and  gives  heat  to  the  at- 
mofphere,  is  ftill  farther  evident  from  the  production  of 
lightning.  After  a  ferene  day  in  the  fummer,  when  the  air 
has  been  exceedingly  heated,  and  the  thermometer  has  arifen 
fuddenly  to  an  unufual  height,  we  are  generally  fure  to  be 
vifited  with  thunder  and  lightning  :  in  which  cafe,  the  mat¬ 
ter  difcharged  from  the  air  in  the  form  of  lightning,  is  un¬ 
doubtedly  the  fame  with  the  matter  that  was  accumulated^ 
and  from  which  the  excefs  of  heat  proceeded.  But  the  mat¬ 
ter  of  lightning,  and  that  in  the  eledric  explofion,  are  now 
allowed  on  all  hands  to  be  the  fame.  I  have  had  the  op¬ 
portunity 
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portunity  many  times  of  obferving  this  to  be  the  confer 
quence,  when  Fahrenheits  thermometer  has  mounted  fome 
degrees  above  76  :  and  it  is  a  thing  commonly  known,  that 
a  courfe  of  hot  weather  in  the  fummer  terminates  with  a 
thunder  ftorm ;  after  which  the  air  returns  to  a  more  mild 
and  temperate  ftate. 

The  elementary,  folar,  and  electrical  fire  then,  as  we  have 
every  poflible  reafon  to  conclude,  are  but  one  fubftance  act¬ 
ing  in  feveral  capacities.  This  matter,"  being  lodged  within 
the  pores  of  all  bodies,  water  and  ice  not  excepted,  will  leave 
no  room  for  a  vacuum.  The  denfeft  of  metals  are  pene¬ 
trated  by  it  with  more  eafe  than  the  air  itfelf.  The  farther 
end  of  a  column,  of  any  imaginable  length,  will  be  affeCt- 
ed  by  the  fame  touch  that  gives  motion  to  the  nearer,  and 
in  the  fame  moment  of  time.  The  fame  quantity  of  it  that 
is  received  into  a  body,  will  come  forth  from  it  again  pre- 
cifely  ;  and  where  none  can  be  driven  off,  none  will  be  ad¬ 
mitted  ;  for .  if  the  Leyden  phial  be  let  on  a  plate  of  thick 
glafs,  fo  that  the  external  current  from  the  coating  is  ftopt, 
it  cannot  be  charged  :  and  for  the  fame  reafon,  if  when 
charged,  it  be  fet  on  glafs,  pitch,  rofin,  or  any  other  elec- 
triCy  it  will  retain  its  charge  the  longer  and  explode  with 
the  greater  force 

These  things  being  confidered,  the  element  of  fire  ap¬ 
pears  to  have  fuch  a  continuity  of  parts,  and  fuch  a  degree 
of  force  in  its  motions,  as  would  not  have  been  believed 

4 

*  A  young  man,  who  ferved  me  a  year  or  two  as  an  aflldant,  and  paid  no  regard  to  the 
lliock  in  the  common  way,  was  refolved  to  try  in  private  how  this  would  anfwer;  and  unex- 
pe(5tedly  received  fuch  a  llroke,  from  a  phial  capable  of  holding  not  more  than  fix  ounces  of 
water,  as  laid  him  upon  the  floor,  and  he  was  not  perfeftly  recovered  of  it  in  a  month.  Since 
this  accident,  being  myfelf  of  a  weaker  frame,  1  have  never  dared  to  enquire  too  nicely  into 
that  matter.  The  fame  perfon  was  once  ftruck  down  in  the  field  by  a  flalh  of  lightning, 
which  finged  his  coat,  and  the  fymptoms  occafioned  by  thefe  two  accidents,  as  he  obfeiwed 
himfelf,  agreed  in  ail  relpedls. 


without 
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without  fome  fcnfible  and  immediate  demonftrations  of  it. 
Yet  the  fame  may  be  proved,  without  any  help  from  the 
late  difcoveries  in  ele&icity.  It  is  the  fame  fluid  that  in- 
creafes  the  bulk  of  bodies  when  they  are  heated,  by  entring 
forcibly  into  their  pores  and  driving  their  conftituent  particles 
farther  afunder.  The  cohefion  of  braf^and  iron  is  too  weak  to 
refift  the  force  of  it ;  and  unhappily  for  the  philofophic  world, 
a  very  fmall  alteration  of  this  kind  is  eafily  perceived  in  the  rod 
of  a  pendulum.  In  boiling  water,  near  one  thirtieth  part  of  its 
whole  bulk,  if  we  reckon  only  from  the  point  of  freezing, 
which  carries  us  but  a  little  way  is  occupied  by  fire ;  for 
to  that  degree  its  fpecific  gravity  is  diminiflied,  and  confer- 
quently  its  bulk  is  increafed  to  the  fame  degree.  Air,  under 
the  like  circumftances,  is  increafed  by  one  third  of  its  bulk. 
Now  if  a  quantity  of  water,  with  a  boiling  heat,  be  fup- 
pofed  to  occupy  30  cubic  inches;  when  it  is  reduced  to  the 
loweft ‘degree  of  heat,  with  which  it  retains  its  fluidity,  it 
will  occupy  but  little  more  than  29.  Thus  its  dimenfions 
will  be  different  under  all  the  various  degrees  of  heat ;  and 
as  the  degrees  of  heat  are  always  in  a  fluduating  ftate,  this 
liquid,  in  common  with  air  and  all  bodies  whatfoever,'  will 
undergo  a  perpetual  ofcillation. 

A  queftion  naturally  arifes,  how  water,  feeing  its  dimen¬ 
fions  are  thus  alternately  extended  and  contraded,  comes  to 
be  incomprejjible  f  Such  the  philofophers  of  the  Florentine 
academy  determined  it  to  be,  by  bruifing  and  battering 
with  an  hammer  an  hollow  fphere  of  metal,  filled  with  wa¬ 
ter  and  exadly  doled ;  for  the  water,  inftead  of  being  dri¬ 
ven  into  a  Smaller  compafs  by  this  external  violence,  was 

> 

*  Sir  Ifaac  Ne’voton  eftimates,  that  water  has  above  40  times  more  pores  than  parts.  See  Opt. 
b,  2.  p.  3.  prop.  8. 
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ieen  to  fweat  like  drops  of  dew  thro’  the  pores  even  of  gold 
itfelf  So  long  as  the  water  remains  fluid,  its  parts  cannot 
be  in  contact ;  becaufe  if  fome  of  the  ^r^^e  jyithdrawn, 
they  will  foon  be  reduced  to  a  Icffer  bulk,  fome  'force  being 
externally  applied  upon  this  occafion  by  nature  itfelf,  with 
which  I  hope  the  reader  will  be  a  little  better  acquaint¬ 
ed  before  I  have  concluded  this  treatife*  If  more  fire  were 
introduced,  by  heating  the  water  thus  inclofed,  it  would  ei*' 
ther  come  forth  through  the  pores  of  the  metal,  or  burft  it 
all  in  pieces.  .Now  as  the  water  itfelf  is  pajfive^  and  may 
occafionally  be  comprehended  under  greater  or  fmaller  di- 
menfions,  it  can  be  no  other  than  the  agent  within  its  va¬ 
cuities  that  refills  the  comprelfing  force ;  and  its  refiftance 
is  fo  great,  that  no  power  of  art  or  violence  of  machinery  is 
able  to  overcome  it ;  though  nature  itfelf  hath  a  way  of 
overcoming  it  in  a  moment. 

As  fome  doubt  may  yet  remain,  whether  it  be  the  element 
of  fire  that  fupplies  the  interfperfed  vacuum  (tho’  in  a  tranf- 
parent  veflel  of  boiling  water,  it  may  be  feen  to  enter  through 
its  bottom  in  bubbles )  or  whether  it  be  fome  immaterial  re- 
puljive  force;  I  will  try  to  explain  myfelf  a  little  farther 
upon  this  head,  and  add  an  experiment  or  two,  which  I  am 
encouraged  to  hope  may  decide  it. 

If  thefe  fpaces  then  are  equably  filled  with  matter  of  any 
kind,  ■  the  quantity  of  this  matter  will  be  greater,  where  the 
denfity  of  the  ' body  containing  it  is  lelTer;  and  vice  verfd. 
If  we  can  prove  it  to  be  univerfally  greater  and  lefler  as  the 
rule  requires,  the  conclufion  will  be  undeniable,  whether 
we  are  able  or  not  to  fix  the  exadl  proportion  of  it  in  every 

✓ 

t  The  Abb'e  Nollet  has  a  much  more  commodious  way  of  performing  this,  mentioned  in  the 
ift  vol.  of  his  leifures. 
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particular  inftance,  which  perhaps  is  impoffible.  If  the  rule 
can  be  obferved  to  hold  good  generally  and  in  grols,  it  is  the 
utmoft  we  can  expedt  or  delire. 

Water  and  mercury  then  are  fluids  of  very  different 
denfities :  and  the  water,  according  to  the  rule  abovemen- 
tinned,  having  the  leflTer  denlity,  and  of  confequence  the 
greater  number  of  pores,  muft  receive  a  larger  quantity  of 
fire  into  them,  than  the  mercury  will  receive  into  the  pores 
of  that,  fuppoling  them  both  to  have  equal  bulks  and  equal 
degrees  of  heat.  Let  water  and  mercury  therefore  be  taken 
in  equal  bulks :  let  the  mercury  be  hot,  obferving  the  de¬ 
gree  of  its  heat  by  a  thermometer,  and  the  water  cold  ob- 
Serving  alfo  the  degree  of  that.  Mix  them  fuddenly  ;  and 
having  ftirred  them  a  little,  fo  as  to  render  the  diftribution 
of  the  heat  equable  throughout  both  the  fluids;  obferve 
carefully  the  temperature  of  the  whole  by  a  thermometer.  . 
Then  invert  the  experiment  in  all  points :  let  the  water  have 
the  fame  degree  of  heat  that  was  in  the  former  cafe  given  to 
the  mercury ;  and  the  mercury  have  the  degree  of  coldnefs 
before  given  to  the  water :  mix  them  again ;  and  the  heat 
diftributed  through  thern  both,  will  be  much  greater  now  the 
water  has  the  heat  given  to  it,  than  when  the  mercury  had  it. 
The  latter  of  thefe,  being  the  denfer,  and  having  the  ftraighter 
pores,  will  take  a  fmaller  quantity  of  fire  to  give  it  an  equal 
degree  of  heat :  for  if  heat  be  nothing  but  the  effeEi  of  fire 
in  motion,  and  the  degree  of  the  heat  be  as  the  motion  and 
denfity  of  the  fire  taken  together,  certainly  it  will  move 
with  the  greater  violence  and  be  more  comprefled  within 
the  narrow  paflages  of  the  mercury  than  in  the  wider  ones 
of  the  water,  from  whence  the  whole  effedl  is  fo  eafily  de¬ 
duced,  that  it  needs  no  farther  explanation.  The  thing  will 
be  found  to  anfwer  in  the  fame  manner,  but  in  a  different 

S  2  degree, 
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degree,  with  fpirit  of 'wine  and  vinegar,  or  any  other  li¬ 
quors,  provided  their  denhties  are  fo  different,  as  to  render 
the  temperature  of  the  mixtures  fenlibly  different  upon  a 
thermometer. 

All  this  doth  neceffarily  imply  a  transfujion  of  fome 
matter  or  element  from  one  of  the  bodies  into  the  other.  But 
upon. the  fuppofition,  that  their  particles  are  expanded  by 
an  innate  repulfe^  or  any  unfubjlantial  quality,  thefe  effects 
are  altogether  inexplicable  and  contradidtory :  for  how  can 
a  quality  be  poured,  like  a  liquor,  from  . one  veffel  into  an¬ 
other  ;  or  move,  like  a  river,  with  different  degrees  of  force 
through  channels  of  different  breadths,  as  the  fire  plainly 
does  ? 

H  ENCE  alfo  the  heat  of  fblids  and  fluids  cannot  confift 
in  the  vibratory  motion  of  their  own  proper  particles,  but 
in  the  adion  and  force  of  the  fluid  within  their  pores :  it 
being  againft  the  laws  of  mechanics,  that  the  particles  of 
water  which  are  fourteen  times  lefs  in  number  and  > weight, 
fhould  communicate  more  motion  to  mercury than  the  par¬ 
ticles  of  an  equal  bulk  of  mercury  will  communicate  to 
water. 

There  is  indeed  a  difficulty,, which  fome  may  look  up¬ 
on  as  a  dired  contradidion  to  what  I  have  here  advanced. 
For  as  a  denfer  fluid  receives  into  it  a  fmaller  quantity  of 
fire  to  give  it  an  equal  degree  of  heat,  how  does  it  happen, 
that  when  an  iron  is  red  hot,  a  denfer  fluid  will  deprive  it 
of  its  fire,  and  cool  it  more  and  fooner  than  a  rarer?  This  is 
indeed  oppofite  to  the  rule  already  confirmed  by  experi¬ 
ment  :  yet  it  is  afferted  by  Dr.  Boerhaave  in  his  chemijlry\ 
and  I  know  it  is  a  thing  generally  taken  for  granted,  be- 
caufe  it  is  fo  agreeable  to  fome  opinions  vulgarly  entertained 
concerning  fire  and  heat.  I  thought  I  could  have  depended 

upon 
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upon  the  warinefs  and  caution,  with  which  that  great  man 
ulually  proceeded  in  all  his  enquiries,  for  the  truth  of  this ; 
and  was  endeavouring  to  reconcile  it;  but  finding  that  to- 
be  impoflible,  I  difputed  the  truth  of  the  fadl,  and  refolved 
to  make  the  experiment ;  which  accordingly  I  did,  and  it 
fully  anfwered  my  expediation,  I  took  about  five  pounds  of 
mercury,  the  whole  of  my  flock  at  that  time,  and  having 
poured  it  into  a  crucible,  obferved  the  temperature  of  it  by  • 
a  thermometer  of  Fahrenheit^  fcale,  and  perceived  it  to 

A  fmall  cylinder  of  iron  was  laid  in  the  fire  for 
10  minutes,  till  it  was  red  hot;  and  after  it  had 
been  quenched  in  the  crucible,  the  mercury  raifed 
the  thermometer  to  —  —  —  —  69°. 

Therefore  the  increale  of  heat  in  the  mercury  was  —  13°. 

Then  I  poured  an  equal  bulk  of  water  into  the 
fame  crucible,  and  found  the  heat  of  it  to  be  —  57°. 

The  iron  was  laid  in  the  fire  as  before  for  10  mi¬ 
nutes,  and  being  throughly  quenched,  the  water 
raifed  the  thermometer  to  —  —  —  63°. 

Increafe  of  heat  in  the  water  —  —  —  6°. 

At  a  fecond  trial,  in  which  the  iron  had  a  glowing 
heat,  the  numbers  came  out,  in  the  mercury^  18°, 
in  the  water  9°. 

At  a  third,  when  the  iron  had  the  befl  heat  I  could  ^ 
give  it,  the  numbers  were  20  \  and  1 1 

I  repeated  the  fame  with  a  much  larger  cylinder  of  iron 
with  a  glowing  heat;  and  having  quenched  it,  till  it  had 

done 
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done  hiffing,  in  the  water ^  the  heat  of  which  was  5  3° ;  the 
thermometer  was  raifed  to  150°.  The  mercury  had  a  tempe¬ 
rature  of  57°;  but  when  the  fame  iron,  heated  as  before,  had 
been  quenched  in  that,  the  thermometer  was  raifed  beyond 
the  heat  of  boiling  water ^  that  is  beyond  214°,  and  by  the 
fwiftnefs  with  which  it  moved,  I  judged  it  woufd  have  gone 
much  beyond  the  compafs  of  my  inftrument ;  therefore  I 
could  not  determine  the  exa6t  degree  of  heat  in  this  cafe, 
without  making  a  thermometer  on  purpofe,  which  was  not 
worth  while.  From  the  common  refult  of  all  the  other  ex¬ 
periments,  the  Tame  cylinder  of  iron,  having  equal  degrees 
of  heat,  communicates  twice  as  much  heat  to  mercury,  as 
to  an  equal  bulk  of  water ;  fo  that  the  thermometer  in  this 
laft  trial  Would  probaby  have  arifen  beyond  240°.  Who  would 
have  believed  that  jire  fhould  have  an  effedl  equal  to  14, 
where  it  ought,  according  to  the  common  eftimation,  .and 
the  hypothefi^  of  a  vacuum^  to  have  an  eiFe<Sl  equal  only  to  ' 
i  ^  And  that  iron,  when  quenched  in  lb  denfc  a  fluid  as 
mercury,  fhould  remain  fo  many  degrees  hotter^  than  when 
it  is  quenched  in  water 

*.  The  fpecific  gravity  of  mercury  being  about  14  times  greater  than  that  of  water,  the 
quantity  of  matter  in  a  given  fpace,  will  be  greater  in  the  fame  proportion.  Now  if  there  be  an 
hiterfperfed  •vacuum  in  thefe  fluids ;  and  if  fire  be  nothing  more  than  a  certain  vibtatory  motion 
communicated  to  their  particles  ;  then  equal  degrees  of  heat  in  any  ignited  body,  (  as  here  in 
the  cylinder  of  iron,)  ought,  by  the  laws  of  mechanics,  to  communicate  14  times  as  snuch  mo¬ 
tion  to  a  cubic  inch  of  water,  as  to  a  cubic  inch  of  mercury ;  whereas  it  doth  really  communi¬ 
cate  only  half  fo  much  to  the  lighter  ©f  thefe,  as  it  doth  to  the  heavier.  Therefore  the  fuperio- 

rity  is  on  the  wrong  fide,  and  in  the  ratio  of  ig  to  or  .14  to  1.  But  all  this  is  natural 

enough,  if  fire  is  a  fluid  per  fe,  filling  the  interfperfed  vacuities  of  other  matter,  and  raifin|;  a 
greater  degree  of  heat,  when  it  operates  in  a  more  confined  fpace. 

■  Water  and  mercury,  being  fluids  by  nature  Ample,  infipid,  and  uninflammable,  arcj-of  all 
others  in  the  world,  the  fitteft  for  this  experiment.  If  the  fame  trial  were  made  on  oils,  fpirits, 
and  other  chemical  liquors,  which  are  inflammable,  and  impregnated  with  a  fpirituous  fire, 
m'^re  eafy  to  be  agitated ;  many  curious  and  unexpefted  varieties  in  the  effeft  might  occur, 
concerning  which,  it  may  be  unfafe  to  affirm  any  thing  without  due  examination. 
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"^Hus  we  are  at  length  arrived  to  a  conclufion,  naturally 
fuggeftedj  and  firmly  enough  eftabliflied,  by  a  variety  of 
fads ;  that  the  heavens  are  not  empty  even  of  the  element 
of  air ;  the  contrary  at  leafl;  hath  never  yet  been  proved,  either 
from  the  dodrine  of  refiftance,  the  finking  of  a  barometer, 
or  any  other  method  ;  and  when  the  air  is  withdrawn  or  ex¬ 
cluded,  it  leaves  no  vacuum  behind  it,  but  only  refigns  its' 
place  to  a  medium  of  much  greater  power,  whofe  extenfive, 
and  I  may  fay,  univerfal  agency,  will  afford  us  a  moft  fub- 
lime-'and  intelligible  proof  of  the  divine  wifdom ;  and  at  the 
fame  time  open  to  the  curious  a  boundleis  field  for  enter¬ 
taining  and  ufeful  fpeculations. 

If  this  be  true,  are  not  thofe  phyfical  authors  among  the 
moderns,  who  have  rejeded,  with  a  fovereign  contempt,  all 
fubtil  mediums,  as  things  fiditious,  imaginary,  and  not  worth 
fearching  after,  hereby  deprived  of  their  greateft  fubterfuge  ? 
Bodies,  they  fay,  are  obferved  to  adhere,  to  fly  from,  and 
approach  one  another  in  the  void  fpace  of  an  air-pump; 
and  as  thefe  effeds  cannot  be  imputed  to  the  air,  they  are 
not  to  be  imputed  (as' they  have  too  haftily  concluded)  to 
any  other  mechanical  agency ;  but  to  certain  inexplicable 
virtues,  which  they  call  cohejion  and  repuljion,  Thefe  are 
the  principles  we  are  now,  in  the  laft  place,  to  examine. 
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CHAP.  in. 

’  Of  the  phyfical  caufe  ^  cohefion. 

Instead  of  fetting  out  here  with  recounting  all  the  mi- 
.nute  phoenomena  of  capillary  tubes,  fponges,  drops  of 
quickiilver  &c.  6cc.  which  have  all  been  enlifted  as  fo  many 
undeniable  proofs  of  an  attraEiion  of  cohefo7t ;  though  Sir 
Ifaac  Newton  himfelf,  more  modeft  with  all  his  knowlege, 
than  fome  who  have  retailed  his  dodlrines  to  us,  propofes 
none  of  thefe  with  any  thing  more  than  a  fufpicion  or  a 
conjedlure  concerning  them ;  and  fome  of  them,  as  I  could 
ealily  fhew,  have  not  been  fairly  reported  or  fufEciently  in- 
fpedled  ;  I  defire  it  may  be  confidered  —  all  the  evidence  of 
this  fort  is  negative  \  and  owes  its  whole  worth  to  an  arbi¬ 
trary  fuppolition,  that  the  air  is  the  only  mechanical  agent 
in  nature ;  and  that  ’  merely  through  the  want  of  another, 
we  muft  have  recourfe  to  immaterial  qualities,  exerted  by 
the  particles  of  the  bodies  themfelves ;  there  being  nothing 
elfe  to  which  thefe  eflFedls  can  be  aferibed. 

To  all  this,  I  oppofe  the  following  pofitive  matter  of  fadt, 
worth  an  hundred  little  critical  experiments,  concerning 
which  much  may  be  faid  on  both  fides,  while  very  little  is 
underftood  on  either.  It  is  this  —  Nature  is  provided  with 
the  element  of  fre^  a  material  agent  of  fufEcient  force  and 
fubtilty  to  overcome  and  undo  the  ftrongeft  effedls  vulgarly 
aferibed  to  coheEon.  And  as  the  defign  of  our  infinitely- 
wife  and  bountiful  creator  in  appointing  a  material  agency, 

^  ■*  See  Mr.  Rowoning's  account  of  the  capillary  tube  in  the  preface  to  his  fyftem  of  philofophy. 
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Avas  to  build  up  rather  than  to  deftroy,  to  promote  and  preferve 
an  orderly  difpofition  in  bodies,  at  leaft  as  much  or  more  than 
to  caufe  their  diffolution  ;  it  is  evident  to  reafbn,  the  fame 
agent,  adling  with  fome  difference  of  condition  and  circum-' 
ftances,  muft  be  fufEcient  to  do  both.  The  air  when  ftirred 
into  a  tempeft  will  tear  an  oak  up  by  the  roots ;  but  was 
this  the  foie  end  of  its  creation  ?  Does  not  the  fame  air 
affift  the  oak  and  all  other  trees  in  their  growth  ?  and  does 
it  not  nourifli  and  preferve  many  more  than  it  deftroys  ? 

Fire,  another  element,  hath  in  like  manner  its  different 
offices ;  and  we  may  hope  to  gain  fome  light  into  its  more 
fecret  operations,  if  we  argue  by  analogy  from  one  of  thefe 
to  the  other.  That  fire  is  the  great  catholic  dijfolvent  of  na¬ 
ture,  the  chymifts  have  all  been  ready  enough  to  confefs : 
that  it  can  u?2ite  as  well  as  feparate,  ought  not  to  be  doubt¬ 
ed  ;  though  it  is  what  few  will  believe,  unlefs  they  are  pof- 
feffed  of  patience  and  perfeverance  enough  to  go  through  a 
clofe  enquiry.  However,  this  matter  is  not  fo  very  difficult 
as  they  may  apprehend. 

Let  us  confider  this  agent  a  while  in  the  firft  and  beft 
known  of  its  capacities,*!  mean  as  a  diffolvent.  The  par¬ 
ticles  of  mercury,  from  the  fphericity  of  its  drops,  fhould 
feem  to  be  endued  with  a  ftrong  attradlion :  yet  thefe  par¬ 
ticles  will  ceafe  to  have  any  cohefion,  and  be  feparated  into 
fumes  by  a  degree  of  heat  but  little  exceeding  that  of  boil¬ 
ing  water.  The  particles  of  water  are  alfo  faid  to  be  endued 
with  the  like  virtue :  yet  the  agency  of  fire  will  very  foon 
relax  their  cohefion,  as  appears  by  a  fenlible  diminution  of  * 
their  fpecific  gravity.  The  fame  fire  ading  with  a  ftill  greater 
degree  of  force,  will  at  length  totally  diffolve  their  union, 
and  raife  them  aloft  in  fteam  or  vapour.  The  ordinary 
heat  of  the  fun  has  a  like  effed  on  the  waters  of  the  ocean. 

T  All 
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All  other  fubftances,  as  well  folid  as  fluid,  are  fubjedl  to  a 
reparation  of  their  parts  by  the  entrance  of  fire  :  the  hardeft 
of  metals,  how  clofeiy  foever  their  parts  may  be  connecfled, 
are  eafily  diflblved  and  rendered  fluid  by  the  heat  of  a  fur¬ 
nace, 

ConlabefaSiatus  rigor  auri  fohitur  cejlu. 

If  nature  then  is  provided  by  its  author  with  an  element 
of  fuch  power  and  adivity,  as  enables  it  to  overcome  the 
flrongeft:  cohefions ;  it  cannot  be  deftitute  of  an  agent  pow¬ 
erful  enough  to  caufe  them  :  if  it  can  do  the  greater,  it 
muft  certainly  be  able  to  do  the  lefler.  And  without  much 
difputing,  do  we  not  find  it  to  be  thus  in  facfl  ?  For  the 
aether,  adling  below  a  certain  degree,  will  confolidate  the 
particles  of  water  into  ice  :  if  it  ads  above  that  degree,  it 
keeps  the  water  fluid  :  if  to  an  higher  degree,  it  renders  it 
more  fluid  :  if  to  an  higher  ftill,  a  total  feparation  of  the 
parts  will  enfue.  But  if  thefe  parts  mount  up  into  the  head 
of  an  alembic,  where  the  adion  of  the  fire  is  different,  they 
are  united  again  into  a  well  conneded  body.  Thefe  effeds 
being  anfwerable  in  every  inftance  to  the  adivity  and  condi¬ 
tion  of  a  material  agent,  what  neceflity  is  there  for  calling, 
in  the  afliflance  of  an  un mechanical  attraEiion?  the  work 
may  certainly  be  done  without  it  ^ ;  and  I  am  verily  per- 
fuaded,.fuch  a  principle  would  never  have  been  ferioufly  de¬ 
fended,  if  the  agency  of  fire  had  been  fearched  into  as  it 
deferves.  If  I  can  fee  the  effeds  vary,  as  oft  as  there  is  any 
change  in  the  element  of  fire,  I  am  compelled,  by  all  the 
rules  of  reafon  and  philofophy,  to  underftand  this  element 
as  the  immediate  caufe  of  thefe  effeds,  and  muft  receive  it 

*  Eyitia  non  funt  multiplicands  ahfque  necejjitate. 
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as  fuch,  till  it  is  demonftrated  to  be- inadequate ;  the  con¬ 
trary  to  which  hath  been  demonftrated  already,  and  might 
be  farther  confirmed  by  fome  other  experiments,  which  I 
might  here  introduce,  if  there  were  any  occafion  for 
them. 

The  cohefion  of  bodies  by  the  adlion  of  this  fluid,  may 
be  illuftrated  and  confirmed  in  a  familiar  way  by  fome  pa¬ 
rallel  effe<fts,  in  the  explication  of  which  we  are  all  agreed. 
Let  a  ftop-cock  be  faftened  to  the  neck  of  a  bladder,  that 
it  may  be  fcrewed  upon  the  work  of  an  air-pump:  exhauft 
the  air  from  it ;  and  having  turned  the  ftop-cock,  to  pre¬ 
vent  the  air  from  re-entring,  take  it  off*  the  machine 
The  bladder  is  now  transfprmed  into  two  flat  fkins,  fo  clofely 
applied  together,  that  the  ftrongeft  man  cannot  raile  one  ot 
them  half  an  inch  from  the  other :  for,  fuppofing  the  blad¬ 
der  to  form  the  area  of  a  circle  fix  inches  in  diameter,  each 
fide  is  prefled  down  upon  its  fellow,  with  a  force  equal  to 
396  pounds.  On  the  contrary,  if  the-bladder  be  blown  up 
with  air,  and  the  ftop-cock  turned  to  prevent  it  from  get¬ 
ting  out ;  it  will  be  more  difficult  to  bring  the  fides  toge¬ 
ther,  fuppofing  them  not  to  be  rent  in  the  attempt,  than  it 
was  before  to  feparate  them. 

I  muft  be  allowed  to  put  a  cafe  here.  Suppofe  a  perlbn,  pre~ 
fented  with  this  fpecftacle,  to  be  unacquainted  with  the  pref- 
fure  of  the  atmofphere ;  as  many  people  undoubtedly  are,  and 
many  of  the  learned  alfo  were,  but  little  more  than  a  cen¬ 
tury  ago.  What  will  fyeh  a  man  fay,  when  he  is  pulling 
at  the  fides  of  the  bladder,  and  finds  it  impoflible  to  lift 
up  either  of  them  ?  If  he  is  illiterate,  he  may  think  per- 

•  This  will  anfwer  as  well  without  the  formality  of  an  air-pump.  Only  let  the  fides  of  a 
bladder  be  prefled  fiat  together,  while  the  neck  of  it  is  tied  fall  to  keep  out  the  air. 

T  2  haps 
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haps  they  are  bewitched :  if  he  has  any  knowlege  of  phf- 
lofophical  terms,  he  may  fay,  “  nature  abhors  a  vacuum 
if  he  has  any  faith  in  the  modern  dodlrine  of  a  vacuum,  he 
will  take  this  to  be  an  undeniable  proof  of  a  very  ftrong 
att7^aBlon. 

When  the  bladder  is  blown  up  ( allowing  him  ftill  not 
to  be  aware  of  any  fluid  within  it)  he  mufl:  fay  the  fides  re¬ 
pel  one  another ;  or  he  may  call  them  elajlic ;  attributing 
that  elafticity  to  the  folid  matter  of  the  membrane  itfelf, 
which  is  the  property  of  the  inviflble  medium  inclofed  with¬ 
in  it. 

# 

A  TTRACTioN  and  repulfion,  as  here  applied,  are  the 
creatures  of  this  man’s  imagination,  to  fay  nothing  of  his  ig¬ 
norance.  If  he  is  fond  of  his  fancied  difcovery,  he  will  give 
himfelf  no  trouble  about  the  real  caufe  of  thefe  appearances, 
for  he  thinks  himfelf  to  be  already  in  pofleflion  of  it ;  and 
will  not  perhaps  be  very  well  pleafed  with  thofe,  who  en¬ 
deavour  to  go  farther,  “  for  ever  aflerting  his  right  to  flop, 
‘‘  where  he  finds  he  can  get  no  farther  upon  fure  ground 
Many  philofophers  were  grievoufly  difappointed,  when  the 
preflTure  of  the  air  was  eftablifhed  by  experiment ;  the  learn¬ 
ed  Dr.  Henry  More  in  particular,  who  oppofed  Mr.  Boyle 
and  profefTor  Stnrmins  with  great  vehemence  upon  this  ar¬ 
ticle.  He  had  long  indulged  himfelf  in  the  belief  of  an  hy- 
larchical  principkj  a  fpiritus  mundi  hylojlaticus^  which  he 
defcribes  as  a  livmg  plajlic  nature^  but  brute  and  unintelli¬ 
gent,  And  thus  he  folved,  without  any  more  expence  than 
that  of  pen,  ink,  and  paper,  all  the  appearances  of  the  vi- 
Able  creation. 

*  See  the  preface  (  of  the  editora )  to  Mr.  Maclaurht^  account  of  Sir  Jfaac  Ne^torti  difcove- 
ries.  p.  16. 
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W E  are  apt  to  wonder  in  thefc  days,  how  men  of  learn¬ 
ing  could  thus  fupinely  acquiefce  in  a  fet  of  occult  and  bar¬ 
barous  founds,  and  be  ignorant  of  the  weight  of  the  atmo- 
fphere,  to  which  an  experimental  enquiry  muft  inevitably 
have  direded  them.  Yet  our  own  pradlice  at  this  time  is 
in  fome  refped:s  no  better  than  theirs ;  we  have  afcribed  an 
oracular  dignity  to  a  term,  which  has  either  no  meaning  at 
all,  or  many  contradidory  ones ;  a  word  that  explains  no 
more  than  the  principium  hjlarchicum^  and  not  quite  fo 
much  as  the  abhorrence  of  a  vacuum  —  ,But  let  us  return 
to  experiment  again. 

Instead  of  the  bladder,  let  us  now  take  two  concave 
brafs  hemifpheres,  known  by  the  name  of  the  Magdeburgh 
hemifpheres^  and  firft  invented  by  Otto  Guericke,  They  af¬ 
ford  an  appearance  of  the  fame  kind,  but  more  convenient 
to  our  purpofe  at  prefent.  Apply  thefe  hemifpheres  to  each 
other :  if  you  fqueeze  them  ever  fo  hard  together  with  your 
hands,  they  are  eafily  feparated  afterwards,  and  moft  pro-^ 
bably  will  fall  afunder  by  their  own  weight.  What  is  the 
reafon  of  this  ?  Every  fluid,  we  know,  will  naturally  be  in 
equilibrio  with  itfelf :  the  air,  being  here  applied  both  to  the 
inner  and  outer  furface's,  will  prefs  with  equal  and  contrary- 
forces  ;  which  only  deftroy  one  another.  But  if  the  air  be 
exhaufled  from  within,  there  will  then  be  an  excefs  of  pref- 
fure  without,  by  which  the  hemifpheres  will  be  firmly  fixed 
together.  After  this,  if  the  air  be  again  admitted  they  will 
fall  afunder  as  before. 

Thus  then  let  us  argue:  that  as  the  air,  when  it  enters^ 
puts  an  end  to  this  adhefion,  by  reftoring  an  equilibrium,  it 
is  plain  there  was  not  an  equilibrium  before  :  the  adion 
from  within,  muft  have  been  weaker  than  the  adfion  from 
without,  if  the  effed  ceafes  when  the  former  of  thefe  is  made 
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equal  to  the  latter.  And  I  defire  the  reader  to  obferve,  that 
the  offices  both  of  witting  the  hemifpheres,  and  feparating 
them,  are  exercifed  on  this  occafion  by  one  and  the  fame 
fluid, 

I  F  this  reafoning  is  juft,  the  tranfition  from  the  furfaces 
of  the  brafs  hemifpheres,  to  the  cohefion  of  the  brafs  itfelf, 
will  not  be  very  difficult.  For  let  this  brafs  be  thrown  into 
a  furnace ;  it  foon  grows  red ;  and  as  the  heat  increafes,  it 
becomes  in  a  manner  tranfparent :  the  matter  of  the  fire  pe¬ 
netrates  into  the  body  of  the  metal ;  and  when  the  medium 
within  is  nearly  in  the  fame  condition  with  the  medium 
without,  the  brafs  runs,  and  there  is  an  end  of  its  cohefion. 
An  effecft  which  is  thus  made  to  ceafe  in  a  mechanical  way, 
may  be  produced  in  the  fame  way  ;  and  if  the  entrance  of 
the  fire  ( as  we  argued  above )  diflblves  and  feparates  the 
parts  of  the  metal ;  the  exterior  prefTure  of  the  fame  ele¬ 
ment,  though  in  a  different  condition,  was  the  true  caufe  of 
their  cohefion. 

D  E  N  Y  the  exiftence  and  preffure  of  the  air,  and  you 
muft  have  recourfe  to  attraction,  or  fuClion,  or  an  incor¬ 
poreal  agency,  to  account  for  the  adhering  of  the  hemi¬ 
fpheres.  Allow  but  the  exiftence  and  preffure  of  elementary 
fire,  the  reality  of  which  is  manifeft  to  as  many  of  the  bo¬ 
dily  fenfes  as  the  reality  of  the  air,  and  you  need  not.  have 
recourfe  to  any  of  thefe  things  to  account  for  the  cohefion 
of  the  brafs. 

Between  thefe  two  effeCts  there  will  be  a  nearer  and 
more  apparent  refemblance,  if  the  hemifpheres,  inftead  of 
being  evacuated  by  the  machinery  of  a  pump,  are  heated 
moderately  at  a  fire.  The  more  fubtil  fluid,  rufhing  into 
the  concavity,  expands  and  takes  the  place  of  fome  of  the 
grofler  air,  or  rarefies  it,  as  we  commonly  fpeak.  In  this 
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ftate  let  them  be  applied,  with  a  luting  of  any  kind  to  the; 
joint,  and  dipt  in  cold  water  :  they  will  adhere  as  effedlu- 
ally  as  if  part  of  the  air  had  been  withdrawn  by  exfudion^ 
In  like  manner,  when  the  fire  diffolves  a  mafs  of  metal,  an 
extremely  fine  and  fubtil  fluid  pafles  freely  through  the  bo¬ 
dy  of  it :  but  as  it  cools,  this  medium  within,  having  no 
frefh  fupply,  evaporates  in  part ;  and  the  remainder,  grow¬ 
ing  continually  weaker,  yields  to  the  fuperficial  prefTure  of 
the  fame  element,  in  a  colder  and  lefs  rarefied  ftate;  from 
whence  the  whole  effed  muft  follow  in  a  natural  way ;  and 
the  agent  which  drives  the  parts  together,  being  univerfally 
prefent,  will  keep  them  together,  till  it  is  again  countcr- 
aded  as  before.  If  any  experimentalift  fhall  hereafter  be 
able  to  exhibit  one  fingle  inftance  of  a  cohering  body,  where 
he  can  prove  the  internal  and  external  prefTures  to  be  equal 
in  all  refpeds,  we  may  then  grant  him  his  attradion ;  we 
may  confefs,  fuch  an  effed  is  not  brought  to  pafs  in  a  phy^ 
Jical  way ;  and  that  we  underftand  no  more  of  the  caufe  of 
cohefion^  than  he  has  exprefled  under  that  word'j  which  is 
juft  nothing  at  all. 

I N  the  mechanical  way  of  folving  the  caufe  of  cohefion, 
of  which  I  have  thus  ventured  to  offer  a  fhort  draught,  I 
perceive  there  is  one  article  that  wants  to  be  explained  and 
confirmed  a  little  farther.  It  will  be  granted  me,  I  prefume, 
that  the  matter  of  fire,  by  penetrating  through  the  furface 
of  a  folid  or  fluid  body,  ads  internally  with  an  expanfive 
force,  to  loofen  and  drive  afunder  its  conftituent  particles. 
But  where  fhall  I  find  a  medium  to  ad  externally^  and  over¬ 
come  this  motion  of  the  fire  when  the  body  grows  cool  and 
begins  to  concrete  ?  If  I  ftiould  fay,  the  heat  within  is  coun- 
teraded  by  the  cold  without,  and  that  cold  is  the  agent  ad- 
ing  externally,  it  will  be  afked  again,  how  cold,  a  mere  pri- 
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yation^  can  be  taken  for  an  agent  ?  But  that  cold  is  a  mere 
privation,  I  cannot  believe,  becaufe  experiment  fhews  it  to 
be  the  effed:  of  a  cold  setherial  fluid,  as  heat  is  the  efledt  of 
fire,  an  hot  fluid.  I  cannot  flop  here  to  purfue  this  fo  far 
as  it  deferves  :  it  will  lerve  my  purpofe  at  prefent,  to  prove 
the  reality  of  a  cold  cether^  different  from  common  air,  and 
of  fufficient  power  in  its  operations  to  execute  the  office  I 
have  afligned  it. 

Spring- water,  it  is  well  known,  contains  in  it  a  large 
portion  of  air ;  and  moft  of  the  medicinal  waters,  fuch  as 
Pyrmont^  Brijlol^  "Tilbury  8cc.  contain  much  more  than  the 
water  of  common  fprings.  But  there  is  an  eafy  method  of 
extraditing  all  the  air,  fo  that  no  part  of  it  fhall  remain.  This 
-  is  done  by  boiling  the  water,  and  then  placing  it  within 
the  vacuum  of  an  air-pump.  When  it  has  remained  in  this 
fltuation  till  it  is  cold,  it  is  fufficiently  purged  of  its  air,  and 
ready  for  the  experiment  I  am  about  to  propofe. 

Pour  fome  of  this  water  into  a  fmall  glafs  phial  with  a 
long  and  flender  neck ;  obferving  withal,  that  the  furface  of 
the  water  is  to  reach  no  higher  than  to  the  bottom  of  the 
neck.  Set  this  phial  on  a  fmall  transferring-plate,  and  co¬ 
ver  it  with  a  glafs  receiver,  from  which  exhauft  the  air  as 
perfectly  as  pofTible.  Then  plunge  the  receiver,  with  its 
included  phial  of  water,  into  a  freezing-mixture,  compofed 
of  fnow  or  beaten  ice  mixt  with  common  fait,  or  powdered 
fal  ammoniac^  which  is  better.  In  a  very  little  time,  your 
phial  of  water  will  be  frozen  into  ice,  which  runs  much 
higher  into  the  neck  of  the  bottle,  and  occupies  more  fpace 
than  the  water  did  in  its  fluid  ftate.  This  intumefcencej  as 
you  will  perceiv^e  upon  infpedtion,  is  owing  to  a  great  num¬ 
ber  of  bubbles^  difperfed  within  the  body  of  the  ice,  which 
certainly  are  not  compofed  of  air;  for  air  does  not  fwell 
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and  rarefie  with  cold,  but  is  always  condenfed  into  a  lefler 
fpace.  Befides,  there  was  no  air  either  in  the  water  or  the 
phial,  neither  can  air  penetrate  the  glafs  of  the  receiver  ;  and 
if  a'  fmall  gauge  be  included  together  with  the  phial,  and 
the  ice  be  melted  after  the  operation  of  freezing,  by  bring¬ 
ing  the  receiver  near  a  fire,  thefe  bubbles  will  rife  up  and 
burft  at  the  furface,  as  the  ice  grows  liquid ;  but  after  all, 
the  gauge  will  not  be  affedled  by  them,  as  it  would  be,  if 
they  were  of  the  fame  nature  with  common  air.  When  the 
ice  is  all  reduced  to  water,  and  wholly  cleared  of  its  bub¬ 
bles,  repeat  the  freezing ;  you  will  perceive  the  fame  intu- 
mefcence  as  before,  and  the  fame  colledion  of  bubbles:  and 
thus  it  will  happen  toties  quoties  ;  as  I  can  venture  to  fay, 
becaufe  I  have  been  at  the  trouble  of  making  this  experi¬ 
ment,  fo  far  at  leaf!:  as  to  fatisfie  myfelf  of  the  truth  of  what 
I  aflert. 

This  fubtil  agther,  though  but  fmall  in  quantity  when 
compared  to  the  bulk  of  the  water,  is  introduced  with  a 
force,  w^hich  art  would  find  it  very  difficult  to  meafure ;  a 
force  capable  of  burfting  ftrong  veffels  of  filver  and  brafs, 
fuch  as  might  be  filled  with  air  many  times  condenfed,  with¬ 
out  receiving  the  leaft  damage.  The  experiments  of  this 
kind,  made  in  the  academy  del  Cimento  do  well  deferve 

*  See  their  experiments  on  arilfidal-fretzing.  p.  69  &c.  But  left  it  ftionld  be  thought,  that 
the  efFefts,  I  here  refer  to,  were  owing  in  any  degtee  to  common  air,  I  muft  beg  leave  to  fub- 
join  the  following  experiment.  I  made  a  ftrong  cylindrical  box  of  metal,  with  a  broad  rim, 
to  which  a  flat  cover  was  applied  fo  exaftly,  by  grinding  one  upon  the  other  in  a  turning-lath, 
that  when  the  cover  was  laid  upon  the  box,  no  light  could  be  feen  through  the  joint.  Then 
I  prepared  fome  water,  by  boiling  and  placing  it  upon  an  air-pump.  This  water,  when  cold, 
was  fo  throughly  purged,  that  it  would  not  yield  the  leaft  bubble  of  air,  when  the  pump  was 
well  evacuated ;  and  this  I  tried  immediately  before  the  uling  of  it.  I  filled  the  box  with 
fome  of  it,  till  it  flood  convex  above  the  rim  :  and  having  applied  a  wetted  leather  to  the  co¬ 
ver,  fcrewed  It  down  firmly  upon  the  box  with  four  iron  fcrews ;  by  means  of  which,  it  was 
made  air-tight :  and  in  tliis  Hate,  I  fuppofe,  the  box  and  cover  would  not  have  been  feparated 
by  a  weight  equal  to  half  a  ton,  and  perhaps  not  by  a  great  deal  more.  Having  plunged  the 
whole  into  a  freezing  mixture,  the  water  was  frozen  into  a  folid  mafs  in  lefs  than  half  an  hour ; 
and  as  its  bulk  increafed,  by  means  of  the  inclofed  bubbles  of  cold,  three  of  the  fcrews  were 
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the  attention  of  thofe,  who  require  any  farther  fatisfadlion 
in  this  matter ;  and  to  thefe  experiments  I  refer,  as  to  fo 
many  proofs  of  an  aether,  cold,  fubtil,  adequate  to  all  the 
effects  of  cohefion,  and  different  from  common'  air.  It  is 
true,  I  am  not  confined  to  thefe;  there  are  many  other 
ways  of  proving  the  fame  thing ;  and  the  phoenomena  of 
eledtricity  have  ferved  to  open  the  eyes  of  feme  few  experi¬ 
menters  ;  fo  that  I  have  the  fatisfadion  to  find,  I  am  not 
lingular  in  affigning  a  mechanical  caufe  of  cohefion. 

The  ingenious  Mr.  Wilfon  F.  R.  S.  in  his  treatife  on  elec¬ 
tricity  y  p.  187,  is  of  opinion,  ‘‘  that  cohefion  may  arife  from 
“  the  mutual  adlion  of  the  light  contained  within  bodies y  and 
‘‘  of  the  atmofpherulae  furrounding  them,  the  preffure  of 
which  alone  may  be  fufKcient  to  make  their  particles  co- 
“  here  with  a  great  force  8cc.”  Dr.  Boerhaave  alfo  hath  dropt 
an  hint,  as  it  were  by  accident,  which  greatly  favours  what 
I  have  advanced.  ‘‘If  therefore  (fays  he)  cold  were  a  mere 
privation  of  lire,  the  power  which  contraSis  the  particles  of 
“  a  folid  body,  would  be  innate,  or  implanted  in  the  nature 
“  of  body  itfelf ;  while  the  power  that  expands y  would  de- 
“  pend  upon  the  fire,  and  confequently  be  fomething  extrin- 
“  fic.”  See  Boerh,  Chym,  by  Shaw,  Vol.  i.  p.  219.  He 
feems  here  to  me,  to  mention  this  as  an  abfurdity  in  nature. 
And  furely  it  is  incredible,  that  bodies  fiiould  be  relaxed  by 
the  force  of  a  mediumy  and  confolidated  by  an  attraElion  in 
the  matter  :  in  other  words,  that  the  particles,  of  which 
they  confift,  fhould  be  moved  outwards,  from  a  to  b,  by  a 

forced  by  the  violence  of  the  prelTure,  and  the  cover  was  raifed  up  on  one  fide,  about  a  quarter 
of  an  inch  above  the  rim. 

Common  air,  it  is  certain,  could  have  no  fhare  in  this  effeft ;  the  whole  being  occalioned 
by  a  finer  ather,  fo  fmall  in  quantity,  that  it  did  not  occupy  a  cubic  inch  ;  and  fo  great  in 
force,  that  its  preffure  muft  have  been  an  hundred  times  greater  than  that  of  the  atmofphere, 
which  is  only  fourteen  pounds  upon  a  furface  of  an  inch  Jquare. 
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mechanical  force,  and  brought  back  again,  from  b  to ‘a,  by 
an  occult  quality.  Would  this  be  agreeable  to  that  unifor¬ 
mity,  which  is  every  where  to  be  obferved  in  the  ways  of 
God  ?  it  muft  follow  therefore  according  to  the  fufpicion  of 
this  author,  that  cold  is  not  a  privation  of  fire,  but  occa- 
fioned  by  fomething  as  real^  and  pofitive,  as  that  fire  which 
is  the  occafion  of  heat,  I  fay  no  more  in  this  place,  having 
confidered  this  point  particularly  in  the  enfuing  pages. 

There  are  another  fort  of  reafoners  amongft  us,  who 
feem  to  glory  in  their  ignorance ;  and  have  precipitately  de¬ 
fied  all  the  philofophers  upon  earthy  to  account  for  cohefion, 
otherwife  than  by  the  power  of  the  Deity  immediately  interefi- 
ed.  After  the  extravagant  lengths  thefe  gentlemen  have  gone, 
for  the  fake  of  gaining  fome  credit  to  I  know  not  what  me- 
taphyfical  reveries,  they  muft  be  endued  with  a  degree  of 
candour  and  ingenuity  rarely  to  be  met  with,  if  they  will 
attend  to  any  thing  of  this  kind.  But  I  muft  beg  leave  to 
remind  them,  that  if  they  will  account  for  cohefion  by  im¬ 
material  impulfes  and  miracles,  they  fhould  account  for  the 
adhering  of  the  two  exhaufted  hemifpheres  after  the  lame 
manner,  and  deny  that  the  air  is  employed  as  an  inftrument 
in  this  bufinefs.  For  I  humbly  think,  it  is  confiftent  neither 
with  the  wifdom  nor  the  power  of  God,  that  he  fliould  or¬ 
dain  an  inanimate  fubftance  to  produce  fome  effects,  and 
produce  other  fimilar  effeds  by  the  immediate  influence  of 
his  own  divine  eflfence,  becaufe  they  are  conceived  to  be  be¬ 
yond  the  reach  of  any  inftrument  even  of  his  contriving. 
Such  a  conclufion  as  this,  no  pious  man,  who  is  really  con- 

*  Plato  is  very  clear  upon  this  article,  in  the  difcourfe  of  his  Timaus  Locrus  —  ra  fxtv  *>t  ^5- 
KUf  roiv  h,x.n  Ta  ■ero^aii  ko^  avfA,- 

“What  we  call  heat,  conlifts  of  very  fine  parts,  which  ferve  to  feparate  and 
“dilTuhe  bodies:  but  cold  is  made  up  of  grojfer  farts,  which  prefs  upon  and  flop  up  their 
“pores.”  Plat.  Of.  Serr.  Vol.  3.  p.  100. 
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cerned  for  the  honour  of  God,  can  eafily  digeft ;  and  Mr. 
Boyle^  I  am  perfuaded,  would  never  have  admitted  it.  Na¬ 
ture  is  extremely  fimple  in  its  agency,  though  infinitely  va¬ 
rious  in  its  productions :  it  is  not  made  to  aCl  by  corporeal 
impulfes  for  the  production  of  fbme  effeCts,  and  by  attrac¬ 
tions  and  fpiritual  influences  for  the  production '  of  others. 
Of  this  fimplicity  in  nature,  if  we  can  trufl:  to  their  own 
declarations,  philofophers  of  all  ages  have  been  perfuaded; 
and  it  is  no  fault  of  mine,  if  fome  of  them  have  unhappily 
departed  from  their  own  rules,  and  made  nature  to  abound 
with  almofl:  as  many  caufes  as  effeCts. 


C  H  A  P.  IV 

An  experiment  to  confirm  and  illujlrate  what  has  been  ad¬ 
vanced  in  the  foregoing  chapter :  with  fome  obfervations  on 
heat  and  cold. 


I  Should  very  far  exceed  the  bounds  I  have  prefcribed 
to  myfelf,  were  I  here  to  run  through  the  natural  hiftory 
of  cohefion,  and  diflinguifh  all  the  variety  of  cafes  I  have 
collected,  fome  of  which  may  be  intricate  and  difiicult  e- 
nough,  whilft  others  would  ferve  to  clear  them  up,  and  con¬ 
firm  the  principles  I  have  advanced.  I  cannot  however  for¬ 
bear  to  feleCt  one  example,  as  it  feems  to  yield  us  a  palpable 
proof,  that  cohefion  is  caufed  in  the  manner  I  have  fup- 
pofed. 
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There  is  a  toy  made  in  our  glafs-houfes,  which  the  learn¬ 
ed  have  treated  of  under  the  name  of  lachryma  vitrea ;  the 
workmen  call  glafs-pears^  and  they  are  commonly  fold 
in  L/Ondon  for  the  diverlion  of  fchool  boys ;  though  they  are 
attended  with  a  phoenomenon,  which  hath  excited  the  ad¬ 
miration  of  moft  of  the  philofophers  m  Europe,  They  are 
made  of  the  ordinary  green  glafs,  by  letting  fall  a  large  drop 
of  it,  when  in  fuhon,  into  a  veffel  of  cold  water.  If  a  piece 
of  the  neck  be  afterwards  broken  off  from  the  drop  thus 
prepared,  the  whole  body  of  it  burfts  afunder  with  an  ex- 
plolion,  and  is  Iplit  into  a  thoufand  fmall  fragments,  which 
may  be  crumbled  into  duft  without  any  injury  to  the  fin¬ 
gers.  This  effed:,  wonderful  as  it  is,  may  eafiiy  be  traced 
up  to  its  caufe. 

It  was  obferved  above,  that  as  a  melted  metal  grows 
cool,  the  fire  that  had  been  lodged  within  it,  evaporates  by 
degrees ;  while  a  colder  aether,  prefiing  on  the  fuperficial 
parts,  brings  the  whole  to  a  due  firmnefs  and  coherence. 
Here  we  have  a  noble  illuftration  of  it.  The  fire,  having 
rarefied  the  particles  of  the  glafs,  and  put  them  into  a  ftate 
of  fufion ;  the  cold,  applied  fuddenly  by  the  water  to  the 
fuperficial  parts  of  the  drop,  forms  a  condenfed  cruft  of 
glafs  over  the  whole,  before  the  fire  within  has  time  to  ef- 
cape  in  a  regular  way.  By  this  means,  the  inner  particles 
are  clofed  up  in  their  rarefied  ftate;  and  when  all  is  cold, 
there  remains  between  thele  particles  what  cuftom,  and  the 
poverty  of  language,  obliges  me  to  call  a  fire-vacuum^  ana¬ 
logous  to  the  vacuum  of  an  air  pump.  When  a  piece  is 
broken  off  from  the  fmaller  end,  a  part  of  the  rarefied  core 
is  immediately  expofed,  the  interftitial  pailages  of  which  are 
fo  open,  as  to  admit  an  aether  that  ought  to  have  been  ftopt 
by  the  furface :  this  aether  ruftiing '  in  fuddenly,  as  air  into 
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an  exhaufted  veflel,  fills  the  pores  with  fuch  violence,  as  to 
rend  the  whole  fubftance  into  atoms.  The  channels  formed 
by  the  difpofition  of  the  pores,  muft  likewife  be  of  fuch  a 
figure,  as  will  contribute  not  a  little  to  the  fuccefs ;  for  a:S 
the  matter  of  the  glafs  decreafes  in  its  rarity  from  the  axis 
of  the  drop  toward  the  circumference,  all  thefe  channels  will 
reprefent  the  figure  of  a  wedge ;  the  propriety  of  which  in 
this  cafe,  and  the  confequences  that  muft  attend  it  are  clear 
enough. 

It  is  not  atr  that  occafions  this  effecft,  becaufe  it  will 
anfwer  beft  in  vacuo ;  and  what  is  very  much  to  my  pur- 
pofe,  it  is  then  attended  with  a  flafti  of  light  \  for  the  obfer- 
vation  of  which  curious  circumftance,  we  are  indebted  to 
the  French  academy 

I N  fome  trials,  the  progrefs  of  the  effecft  hath  been  fuch, 
as  plainly  to  point  out  the  true  and  natural  folution  of  it. 
Francifcus  Redi^  who  publifhed  41  different  experiments 
upon  thefe  bodies,  without  adding  one  word  of  enquiry  af¬ 
ter  the  phyfical  caufe,  informs  us,  that  when  he  had  coated 
one  of  them  with  plaifter  of  Paris^  leaving  out  fome  part  of 
its  tail  to  be  afterwards  broken  off,  the  coating  was  rent  by 
the  explofion  at  the  bafis  of  the  drop ;  as  if  the  force  of 
“  the  fracfture  took  its  rife  at  the  extremity  of  the  tail,  and 
‘‘  palling  downward  from  thence  to  the  bafis  or  bottom^ 

forced  away  the  plaifter  of  Paris  in  that  place”  •f. 

It  is  farther  remarkable,  that  if  one  of  thefe  bodies  be 
laid  upon  hot  coals,  or  boiled  in  oil,  and  doth  not  burft  in 
the  operation,  (which  very  frequently  happens)  it  is  reduced 

*  mji,  de  VAcad.  1692.  p.  307. 

f  Guttula  nimpendo  vim  bafin  verfus  faceret,  &  in  ea  parte  laceraret  gypfum,  ac  fi  vis  rap- 
turjc  criginem  caperet  a  principle  caudse,  iretq.ue  femper  impellendo  vcjilHs  baftn  aut  fundum 
guttulae.  Redi  Qbfernj.  p.  61. 


to 


CAUSE  OF  COHESION. 


159 


to  the  temper  of  common  glafs,  that  hath  been  regularly  an-- 
nealed ;  and  if  its  neck  be  fnapped  off,  the  ufual  event  does 
not  follow.  The  fire  relaxes  the  indurated  cruft,  and  hav¬ 
ing  gained  a  paffage  through  it  by  flow  degrees,  fills  up  the 
pores  of  the  glafs  without  violence  ;  after  which,  it  grows 
cool  with  a  more  equal  and  regular  dilpofition  of  the  parts. 

I F  thefe  things  fhould  not  appear  to  others  in  the  fame 
light  as  to  myfelf,  I  cannot  help  it.  I  leave  it  to  be  confi- 
dered,  whether  we  fhould  not  come  much  nearer  to  an  a- 
greement,  if  inftead  of  attempting  to  annihilate  the  agents 
God  hath  created,  they  would  fpend  fome  labour  upon  the 
ftudy  of  them,  and  examine  the  wonderful  eifedts  of  the 
aetherial  elements,  without  a  refolution  to  find  attradfion  and 
a  vacuum^  where  no  fuch  things  ever  exifted.  The  effedts 
of  heat  and  cold,  as  daily  exhibited  to  our  fenfes  in  the  cuf- 
tomary  changes  of  the  weather,  are  fufficient  to  juftifie  me 
in  what  I  have  deduced  from  them.  When  the  weather 
grows  warm,  the  power  of  cohefion  grows  weaker;  when 
the  weather  becomes  cold,  this  power  is  increafed ;  and  the 
hardeft  of  metals,  in  common  with  all  other  bodies,  are 
proportionably  altered  in  all  their  dimenfions.  Extreme  heat 
will  difiblve  them ;  extreme  cold  will  harden,  and  render 
them  fo  brittle,  that  large  bars  of  iron  may  be  eafily  fnapt 
in  funder,  after  they  have  been  expofed  all  night  to  the  open 
air  in  a  fevere  froft.  A  power  of  lb  fludluating  a  nature, 
and  which  is  thus  rendered  greater  and  lefler  with  every 
change  of  the  elements,  can  be  no  property  of  the  cohering 
matter. 

If  the  changes  of  the  atmofphere  are  found  to  make  the 
heights  of  the  mercury  in  the  barometer  vary ;  who  can 
doubt,  that  the  preffure  of  the  air  is  the  Ible  and  adequate 
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caufe  of  its  fufpenfion  ?  and  accordingly,  if  the  air  be  to¬ 
tally  removed  from  the  furface  of  the  ciftern,  the  mercury 
drops  to  a  level  with  it.  Therefore  it  hath  never  once  been 
fuggefted  to  us,  that  mercury  is  endued  with  the  property  of 
flying  up  into  a  glafs  tube. 

Thus  alfo,  if  the  degrees  of  denfity  in  a  cohering  body, 
vaiy  with  the  degrees  of  heat  and  cold ;  where  fhould  we  _ 
'  feek,  but  in  the  element  of  fire,  for  the  true  and  phyfical 
caufe  of  cohefion  ?  when  we  defcend  indeed  to  the  precife 
mode  of  its  operation,  it  is  hardly  to  be  expe<fled  our  ideas 
can  have  a  mathematical  exadnefi.  I  take  it  for  granted 
they  are  very  grofs,  and  fuch  as  we.  fhould  be  afhamed  of, 
if  the  fenfe  of  man  extended  to  the  firft  principles  of  matter, 
which  God,  in  great  wifdom,  hath  purpofely  placed  out  of 
of  his  reach.  But  it  is  no  inconfiderable  ftep  in  philofophy, 
barely  to  determine  the  queftion,  whether  God  hath  chofen 
to-  ad  by  material  inftruments,  or  immaterial  influences  :  it 
being  of  the  utmoft  importance  in  every  fcience  to  begin 
rightly,  and  have  our  labours  direded  into  a  proper  chan¬ 
nel. 

'  As  it  will  probably  be  much  doubted,  whether  the  ope¬ 
rations  of  heat  and  cold  are  to  be  afcribed  to  elementary 
fire,  as  to  one  and  the  fame  fubftance ;  >  that  matter,  I  think, 
may  eafily  be  adjufted  by  obferving  what  happens  to  a  com¬ 
mon  thermometer.  When  you  bring  it  near  a  fire,  and  find 
it  rifes  from  55  degrees,  the  point  of  temperate,  to  212,  the 
degree  of  boiling  water ;  to  what  fubftance  do  you  impute 
this,  and  what  is  your  name  for  it  ?  doubtlefs  you  will  tell 
me,  it  is  elementary  Jire,  Suppofe  the  thermometer  to  be 
fallen  32  degrees  below  the  point  of  freezing,  and  to  be 
raifed  from  thence  up  to  temperate;  during  the  greater  half 
of  which  motion,  a  very  fevere  coldnefs  is  predominant.  ‘  Now 
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if  you  imagine  heat  and  cold  to  be  things  different  in  their 
nature,  you  muft  provide  one  element  to  raife  the  thermo¬ 
meter  through  the  upper  parts  of  its  fcale,  and  another  to 
raiie  it  through  the  lower ;  and  after  all,  you  will  never  be 
able  to  guefs  at  any  point  of  diftindion,  where  the  one  ends 
and  the  other  begins.  For  if  your  inftrument,  when  ex- 
pofed  out  of  doors,  fliould  Hand  at  55  degrees  in  January^ 
the  air  would  be  attended  with  a  very  fenfible  warmth  to 
the  body,  and  you  would  find  yourfelf  able  to  fit  very 
comfortably  without  a  fire.  If  it  fhould  ftand  at  the  fame 
point  in  July^  you  would  complain  of  fiiivering  with  cold^ 
and  perhaps  order  a  fire  to  be  lighted.  Thus  you  will  give 
the  contrary  appellations  of  hot  and  cold  to  one  and  the  fame 
temperature  of  the  air;  and  if  you  realize  thefe  different  ideas, 
which  arife  wholly  from  a  deceived  fenfation,  and  fearch  af¬ 
ter  a  fpecies  of  frigorijic  particles y  acids  of  the  air^  and  fuch 
like,  you  difcover  nothing  real  in  nature,  but  become  the 
dupe  of  your  own  language. 

Heat  and  cold  are  the  names  we  have  given  to  the  fen- 
fations  which  are  raifed  in  us  by  the  different  ( and  fome- 
times  by  the  fame)  impreflions  of  elementary  fire.  If  an 
effed:  is  produced  when  the  thermometer  ftands  at  the  heat 
of  boiling  water,  I  call  it  fire  that  produces  it :  if  water  is 
frozen  into  ice,  and  the  thermometer  ftands  at  30° ;  I  am 
fenfible  of  cold  in  my  body,  but  the  agent  in  this  cafe  is  ele¬ 
mentary  fire  :  and  there  may  be  a  greater  philofophical  pro¬ 
priety  than  we  are  aware  of  in  that  expreflion  of  Virgil  — 
Penetrabile  frigus  adurit  As  we  do  not  look  upon  air  to 
be  one  kind  of  element'  when  the  barometer  finks  to  28 
inches,  and  another  when  it  rifes  to  31;  the  element  of 
fire  ought  to  be  confidered  in  the  fame  way,  under  all  the 

I  /  *  Georg.  L.  I.  93. 
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different  ftations  of  the  thermometer,  that  is,  all  the  diffe¬ 
rent  degrees  of  heat  and  cold. 

U  PON  thefe  confiderations,  I  have  followed  the  moft 
eminent  of  the  chemifts,  and  feme  modern  writers  on  elec¬ 
tricity,  in  ufing  the  word  ^re  in  its  largeft  fenfe,  when  I 
mean  either  or  or  cether,  •  We  may  indeed  call 

it  by  any  of  thefe  names,  becaufe  the  fame  fluid  muft  be 
underftood  by  every  one  of  them :  though  if  we  were  to 
fland  upon  ftridlnefs  and  propriety  of  expreffion, '  it  would 
be  neceflTary,  on  fome  occafions,  to  ufe  the  firft  of  thefe; 
on  others,  only  the  fecond  or  the  third.  When  this  fluid  is 
cold  and  invifible,  or  appearing  only  in  pellucid  bubbles 
like  air,  as  in  the  freezing-experiment^  let  us  call  it  ^ther 
—  ‘‘  caecus  ignis  expers  luminis ' When  it  becomes  vifible 
and  lucid,  it  is  what  all  men  have  agreed  to  call  light*  When 
it  gives  heat  and  burns,  it  is  fire*  The  employment  moft 
agreeable  to  [me,  is  to  fearch  after  things^  and  try  to  render 
them  intelligible :  if  I  can  but  be  fo  fortunate  as  to  make 
Ibme  little  progrefs  in  that  refped,  I  leave  the  reader  to  cor- 
red:  my  expreflions,  and  fettle  the  application  of  words  at 
his  own  diferetion.  If  he  has  had  patience  enough  to  follow 
me  thus  far,  I  hope  he  will  hear  me  out,  while  I  examine 
the  nature  of  another  fort  of  power,  oppofite  to  attradion, 
and  diftinguifhed  by  the  writers  of  thefe  times  under  the 
name  of  repulfion* 
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Of  the  phyfical  caufe  of  fepulfion  ;  particularly  as  this  prin¬ 
ciple  is  applied  to  the  elafticity  of  the  air. 

IT  is  needlefs  to  repeat  all  the  inftances  commonly  urged, 
either  to  illuftrate  the  operation  or  prove  the  reality  of 
fuch  a  principle  as  repulfion.  The  beft-known,  and  moft 
univerlal  of  thefe,  is  the  elafiicity  of  the  air  \  the  property-  by 
which  it  refifts  any  comprefling  force,  and  which  the  great 
Sir  Ifaac  Newton^  and  others,  have  endeavoured  to  account 
for,  by  fuppofing  a  repulfive  force  to  be  implanted  in  its  par¬ 
ticles  :  for  thus,  it  is  prellimed,  they  may  drive  each  other 
farther  off,  without  the  intervention  of  any  other  matter 
I F  repulfion  is  propofed  to  us,  as  a  difcovery  of  the  caufe 
of  this  property  in  the  air,  common  fenfe  will  remonftrate 
againft  fuch  an  impofition.  Experience  will  teach  us,  that 
the  particles  of  the  air  are  by  fome  means  or  other  repelled 
to  a  certain  diftance,  and  cannot  be  forced  into  immediate 
contadt,  by  any  power  we  are  acquainted  with.  To  inform 
us,  this  is  owing  to  a  repulfon^  is  but  to  tell  us  ( by  ufing 
the  noun  fubftantive  inftead  of  the  verb)  what  we  knew  be- 
-fore,  namely,  that  the  particles  are  repelled »  Repulfion  is 
the  faEi ;  the  caufe  of  repulfion  is  ftill  to  be  enquired  ^  af¬ 
ter. 

*  Which  vaft  contraction  and  expanfion  (of  the  air)  feems  unintelligible,  by  feigning 
“  the  particles  of  air  to  be  fpringy  and  ramous,  rolled  up  like  hoops,  or  by  any  other 
“  means  than  by  a  repulfvue  power Newt.  Opt.  Q;  31. 
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Mr.  Boyle^  always  ready  to  offer  fome  mechanical  folu- 
tion  of  what  occurred  to  him,  fuppofes  the  aerial  atoms  to 
be  a  fort  of  elaftic  fpirals,  like  watch-fprings.  Thus  they 
may  reffft  any  incumbent  preffure,  and  naturally  reftore 
themfelves  to  their  former  ftate,  when  that  preffure  is  re¬ 
moved.  Bernoulli^  who  ftudied  the  ither  in  a  mathematical 
way,  gives  up  this  whole  affair  as  an  inexplicable  7nyjiery  of 
nature  %  when  his  own  principles  might  have  helped  him 
to  underftand  it:  and  Du  Ha77iel^  a  {dSi\o\x^Cartefian^  em¬ 
braces  the  hypothefis  of  Mr.  Boyle  as  abfolutely  neceffary  f. 

But  if  fome  circumftances  are  laid  together,  this  neceffity 
will  foon  difappear ;  becaufe  if  it  be  admitted,  it  will  carry 
us  into  very  great  abfurdities.  The -fleam  of  boiling-water, 
as  we  find  by  its  effedls,  is  equally  elaftic  with  the  air ;  and 
is  therefore  applied  to  give  motion  to  a  fire-engine  for  drain¬ 
ing  the  water  out  of  mines,  in  the  performing  of  which,  a 
very  great  power  is  requifite.  The  force  of  this  fleam  in 
Papins  digefter  is  incredible;  and,  without  due  caution, 
would  burft  the.  ftrongeft  veffel.  In  the  j^olipiky  it  appears 
as  an  extemporaneous  air,  and  its  elaflicity  is  as  manifeft  as 
that  of  the  air.  Arc  the  particles  of  water  then  of  a  fpiral- 
Mike  form?  and  is  this  fuppofition  neceffary?  If  it  is  not 
neceflary  to  account  for  the  elaflicity  of  water,  it  cannot  be 
fo  to  account  for  that  of  the  air.  Fire,  which  adls  upon 
the  former  of  thefe,  and. by  expanding  renders  it  elaftic, 
may  produce  the  fame  effecft  in  the  other  It  would  be 
abfurd  to  feign  a  fet  of  fpringy  particles  in  water ;  this  fluid 
in  its  ordinary  ftate  being  reputed  unelaftic  :  and  in  fad, 

*  De  Gravlt.  Mther.  p.  8i. 

*  f  De  Confenfu  Vet.  &  Nov.  Phil.  p.  220. 

X  Aquarum  enim  quail  vapor,  quidam  aer  habendus  eft.  Is  autem  exiftit  motu  ejus 
ccdoris,  qui  aquis  continetur.  Q\q,  de  Nat,  Deor.  L..2.  lo. 
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no  author  I  have  ever  met  \fith  hath  been  fo  unreafonable  as 
to  fuppofe  fuch  a  thing.  The  particles  even  of  mercury  it- 
lelf,  ponderous  as  it  is,  when  fublimed  by  the  impulfe  of 
fire,  become  elaftic  like  air  or  water,  and  will  burfl  the  vef- 
fel  in  which  they  are  confined.  When  a  drop  of  mercury  is 
thrown  into  a  naked  fire,  it  hifles  and  explodes  like  water. 
Is  mercury  alfo  compofed  of  Ipringy  particles  ?  or  rather, 
do  .they  not  manifeftly  borrow  from  the  impulfe  of  fire  all 
the  elafticity  they  are  endued  with  ?  For  if  the  agency  of 
the  fire  be  fuddenly  checkt,  the  elafticity  of  mercury,  of^ 
water,  and  of  air  alfo,  in  its  proper  degree,  departs  together 
with  it.  ,  ,  .  ' 

t 

The  true  caufe  of  this  elafticity  hath  been  acknowleged 
by  fome  ingenious,  men,  whofe  labours  were  fure  to  be  at¬ 
tended  with  fome  fuccefs,  becaufe  they  argued  with  fadls 
before  their  eyes,  and  endeavoured  to  examine  thern  to  the 
bottom.  It  is  greatly  to  be  wiflied,  that  all  philofophers 
would  do  the  like.  Dr.  Shaw^  in  his  ufeful  'notes  on  Boer- 
haave's  chemiftry,  aflhres  us  without  any  hefitation,  “  that 
“the  acftive  force  in  air^  which  produces  fo  many  effects, 

“  does  really  all  arife  from  the  ft?'e  contained  in  it  And 
Dr.  Alex,  Stuart,,  in  his  ledures  on  mufcular  motion,  which 
contain  fome  curious  obfervations  in  anatomy  and  phyfics, 
has  the  following  words  - —  “  Thus  it  appears  that  this  ex- 

panfion  and  repulfe  is  not  owing  to  the  natural  elafticity 
“  of  the  air,  but  to  a  foreign  power,  to  wit  that  of  fire  a<ft- 
“  ing  upon  it which  the  author  clafles  among  the  fpecies 
of  fiuids^  vfible  and  obvious  to  the  touch  f. 


*  Vol.T.  p.  220. 

t  Philof.  TrariJaCl,  ahrldg,  by  Martyn,  vol.  9.  p.  285/ 
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I F  it  fhould  be  fufpedbed,  that  I  am  taking  refuge  under 
the  authority  of  others,  and  would  thus  impofe  a  belief  of 
what  may  not  very  ealily  be  demonftrated ;  only  let  a  blad¬ 
der,  half  filled  with  air,  and  clofely  tied  about  the  neck, 
be  brought  near  a  fire  :  it  will  immediately  fwell ;  and  the 
elafticity  of  the  enclofed  air  will  increafe,  as  the  adion  of 
the  fire  upon  it  increafes.  If  a  bladder  were  blown  quite 
full  of  air  in  the  heat  of  fummer,  and  preferved  till  the 
depth  of  winter,  it  will  have  loft  much  of  its  elafticity,  and 
^be  IJirunk  into  a  fmaller  fpace.  Thus,  if  a  greater  degree 
of  motion  in  the  fire  gives  more  elafticity,  and  a  lefler  de¬ 
gree  lefs  elafticity,  to  the  fame  quantity  of  air ;  the  element 
of  fire  appears  to  have  the  diredion  of  this  property,  and  is 
the  immediate  phyfical  caufe  of  it  at  all  feafons.  That  fire 
is  always  intermixt  with  air  in  a  certain  proportion,  is  evi^ 
dent  from  the  thermometer. 

.  This  whole  affair  feems  to  be  in  a  manner  fo  felf-evident, 
that  it  would  be  idle  to  infift  upon  it  any  farther.  How¬ 
ever,  there  is  a  powerful  objection  or  two,  to  which  I  have 
never  yet  feen  any  reply :  and  certainly  they  deferve  to  be 
carefully  examined,  becaufe  they  have  been  thought  to 
countenance  the  dodlrine  of  repuljions^  pctrtkles  &c. 

I T  is  obfervable,  that  a  fiaccid  bladder,  placed  under  a 
pneumatic  receiver,  will  be  diftended  when  a  part  of  the  air 
is  withdrawn  from  the  outfide  of  it,  after  the  fame  manner 
as  if  it  were  held  before  a  fire,  but  in  a  much  greater  de¬ 
gree.  If  fire  is  the  immediate  caufe  of  this  property,  how 
can  the  repulfion  increafe,  when  the  heat  does  not  in¬ 
creafe  ?  .  ■  , 

Mr,  Boyle  hath  entitled  this  ~  a  difcovery  of  the  admi¬ 
rable  rarefadtion  of  the  air,  even  without  heat‘d ^  But  this 

^  'a 


*  See  Bolien's  abrigd,  V.  a.  p,  249. 
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is  not  a  juft  and  proper  reprefentation  of.  the  cafe  :  it  ftiould 
have  been  faid  without  any  additional  heat,”  and  then 
there  would  have  been  no  obfcurity  ;  an  additional  heat  be¬ 
ing  not  requifite  upon  this  occafion.  We  need  only  appeal 
to  a  thermometer  placed  within  the  receiver,  to  prove  the 
degree  of  heat  there  to  be  the  fame  as  without  in  the  cir¬ 
cumambient  air.  This  heat  is  fufficient  for  the  purpofe, 
and  will  neceffarily  produce  a  rarefadion  within  the  bladder, 
when  the  veflel  that  enclofes  it  is  exhaufted. 

S  o  long  as  the  receiver  is  full  of  air,  of  the  fame  .tem¬ 
perature  with  that  in  the  bladder,  there  are  two  equal  forces 
counteradling  one  another;  there  is  air  within  the  bladder, 
rendered  elaftic  by  the  ftanding  degree  of  heat  at  that  time 
in  the  atmofphere ;  and  there  is  air  equally  elaftic,  preiUng 
externally  and  with  equal  force,  on  the  outer  furface  of  the 
bladder;  fo  that  while  things  remain  in  this  ftate,  all  will 
be  at  reft.  But  the  effed:  will  be  juft  the  fame,  whether 
you  add  more  heat  to  the  injide^  or  take  away  an  equivalent 
degree  of  the  refiftance  from  the  outjide :  a  rarefadion  mu  ft 
follow  upon  either  of  thefe  changes ;  and  as  fire  is  always 
exerting  its  force,  it  is  eafy  to  predid  what  the  event  will 
be,  and  what  in  reality  it  is  found  to  be,  when  the  refifting 
air  is  withdrawn.  For  fuppofe  two  men,  of  equal  ftrength, 
were  pufliing,  one  on  each  fide,  againft  the  door  of  a  room, 
which  will  open  either  way ;  it  will  be  the  fame  in  effed, 
whether  you  add  another  man  on  the  infide,  or  take  away 
your  man  from  the  outlide ;  the  door  will  be  opened  out- 
wardly  in  either  cafe.  And  thus  it  happens  to  the  flaccid 
bladder  upon  the  air-pump :  to  fubtrad  the  refiftance  from 
its  outer  furface,  is  the  fame  as  to  add  a  greater  force  of  exr 
panding  fire  to  its  inner. 


A  fecond 
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A  fecond  objedion,  which  hath  a  plaufible  appearance  at 
firft  fight,  is  drawn  from  this  obfervation,  that  the  air  in  a 
flaccid  bladder,  carried  up  to  the  top  of  a  mountain,  will 
be  expanded ;  when,  if  fire  be  the  caufe  of  its  elafticity,  it 
ought  to  be  contracted ;  the  air  being  much  colder  there, 
than  in  the  valley  below.  This  is  nothing  more  than  the 
former  experiment  under  a  new  fhape,  and  with  the  addi¬ 
tion  of  a  frefh  circumftance.  When  we  afcend  a  moun¬ 
tain,  the  barometer  finks :  that  will  caufe  the  bladder  tp 
fwell.  At  the  fame  time  the  cold  increafes :  that  will  caufe 
it  to  {brink.  It  is  to  be  enquired  then,  what  proportion  thefe 
oppofite  effects  bear  to  one  another.  The  refult  will  be  ei¬ 
ther  two  equal  quantities,  or  two  different  ones.  If  the  . 
quantities  were  equal,  the  bladder  ought  ftill  to  preferve  its 
dimenfions:  if  they  fhould  prove  to  be  unequal,  the  lefler 
muff  be  lubtraCted  from  the  greater,  and  the  effeCl  will  be 
equal  to  the  remainder. 

I  N  order  to  adjuft  this  matter  from  experiment,  I  find 
-myfelf  under  a  necellity  of  informing  the  reader,  that  I  once 
made  an  excurfion  into  the  peak  of  Derbyjhire^  with  the 
hope  of  improving  my  health,  and  adding  Something  to  my 
little  flock  of  botanical  knowlege.  I  took  this  opportunity 
to  examine  the  height  of  fome  of  the  mountains  in  the  peak 
with  a  portable  barometer,  which  I  had  made  for  this  pur- 
pofe,  after  the  pattern  of  that  defcribed  by  Scbeuchzer  in  his 
itinera  alpina^  with  fome  little  improvement.  To  this  in- 
flrument  I  added  a  mercurial  thermometer,  graduated  ac¬ 
cording  to  the  fcale  of  Fahrenheit,  Upon  one  of  the  highefl 
of  thefe  mountains,  the  barometer  flood  very  nearly  an  inch 
lower  than  at  the  furface  of  the  river  which  runs  at  the  foot 
of  it.  This  was  in  the  beginning  of  June  1760,  and  the 
air  was  then  unfeafonably  cold,  the  thermometer  ftanding, 

at 
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at  noon-day,  below  the  point  of  temperate,  I  muft  confefs, 
the  objedion  now  before  us  was  not  then  in  my  thoughts ; 
otherwife  I  fhould  have  been  more  exa6l  in  my  remarks : 
but  to  the  beft  of  my  remembrance,  the  difference  I  ob- 
ferved  in  the  thermometer,  when  I  had  afcended  the  top  of 
this  hill,  amounted  only  to  2  degrees. 

Since  that  time,  I  had  occalion  to  prepare  an  inftru- 
ment,  which  performs  the  offices  both  of  a  thermometer 
and  barometer,  and  renders  all  the  momentary  changes  of 
the  atmofphere  evident  to  lenfe ;  for  when  it  is  expofed  to 
the  ffiaded  air,  it  is  never  at  reft,  but  fhews  us  fuch  a  per¬ 
petual  agitation  of  the  elements,,  as  might  fuggeft  many^ 
ufeful  and  pleafant  reflexions ;  but  they  are  all  wide  of  my 
purpofe  upon  this  occaflon.  It  is  fufficient  to  obferve,  that 
when  the  barometer  finks  one  inch,  the  fpirits  in  this  in- 
ftrument  rife  1 5  inches  perpendicularly  in  the  tube  :  when 
the  thermometer  finks  2  degrees,  the  fpirits  fink  2  |  inches. 
The  motion  of  thefe  fpirits  being  occafioned  only  by  the 
fwelling  and  contracting  of  fome  inclofed  air,  we  thus  find, 
without  much  trouble,  what  difference  there  is  between  the 
two  contrary  effects  abovemen tioned.  The  expanfm?t  of  air, 
included  in  a  bladder,  and  conveyed  from  the  bottom  of 
that  mountain  to  the  top,  fliould  have  been  nearly  as  15, 
on  account  of  the  finking  of  the  barometer,  and  the  leffen- 
ing  of  the  incumbent  preflure  ;  while  its  contra&iony  on 
account  of  the  increafing  cold,  would  have  been  only  as 
2|;  which  being  deducted  from  15,  leaves  i2|  to  exprefs 
the  real  expanfion  of  the  air,  inftead  of  15,  which  we  may 
call  its  potential  expanfion.  This  difference  is  fo  fmall,  and 
takes  fo  little  from  the  effect,  that  it  would  never  be  thought 
of  in  fo  grofs  an  experiment  as' that  of  the  bladder:  and  the 
higher  the  mountain  is  fuppofed  to  be,  the  lefs  would  any 
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fuch  interruption  be  taken  notice  of.  A  barometer  would 
fall  about  4  inches  below  its  mean  ftation,  at  the  top  of  a 
mountain,  1320  yards,  or  |  of  a  mile  above  the  level  of  the 
fea ;  at  which  height,  the  cold  is  ufually  fo  great,  that  the 
fnow  lies  continually.  Let  us  fuppofe,  that  a  thermometer, 
conveyed  in  the  fummer-feafon  from  the  foot  of  fuch  a  moun¬ 
tain  to  the  top  of  it,  would  fall  from  60  degrees  to  32,  the 
point  of  freezing.  The  expanfion  of  fome  air,  inclofed  in 
a  bladder,  fhould  be  as  60  ;  but  its  contra<9ion  by  the 
cold  will  be  as  3 1 4 ;  therefore  its  real  expanfion  would  be 
as  28^;  and  a  flaccid  bladder,  inflead  of  fhrinking  into  a 
lefler  compafs  with  fo  great  a  degree  of  cold,  will  ftill  be 
expanded  more  than  twite  as  7nuch  as  in  the  foregoing  expe¬ 
riment. 

These  conflderations  have  made  me  eafy  in  regard  to 
the  immediate  caufe  of  the  air’s  elafticity,  I  heartily  wifli 
they  may  have  the  like  influence  upon  others,  and  get 
the  better  of  all  their  fcriiples.  If  fire,  that  univerfal  and 
adtive  element,  can  occafion  fuch  a  property  in  the  air,  by 
a  mechanical  and  impulfive  motion,  the  thing  is  intelligible. 
By  this  means,  we  become  pofTefTed  of  one  important  truth 
in  natural  philofophy,  and  fuch  as  may  in  time  diredl  us  to 
many  others.  Could  it  once  be  fhewn,  that  air,  totally 
emptied  of  its  fire,  has  any  of  this  elaflic  property  in  it% 
it  would  then  be  time  enough  to  call  in  the  afliftance  of 
repulfton^  which  is  but  the  fame  thing  with  giving  up  the 
point  as  unintelligible.  But  unlefs  elaflic  air  can  be  exhi¬ 
bited  under  fuch  circumftances  (which  cannot  be,  unlefs  the 
thermometer  be  firfl  made  to  fink  .290  of  Fahrenheit" s  de- 

*  Non  tantum  aer  in  ignem  tranfit,  {td.  mnqtium  fim’igne  Detrahe  illi  calorem, 
rigefcet,  ftabit,  durabitur.  Seme,  Nat.  Quaeft.  Lib.  3. 
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grees  below  the  freezing  point)  there  is  no  more  occalion 
for  this  quality  than  for  that  of  cohefion. 

T  o  thofe  who  examine  this  matter  impartially,  thefe 
powers  will  appear  incredible  in  their  very  nature.  The  ef- 
feds  which  are  explained  by  attradion  and  repulfe,  do  lb 
often  vary,  that  we  are  obliged  to  fuppofe  the  fame  particles 
of  matter  endued  with  both :  with  one  virtue  of  drawing 
and  alluring  bodies ;  and  another  of  terrifying  and  driving 
them  away  at  the  fame  time.  But  how,  in  the  nature  of 
things,  can  two  principles,  deftrudive  of  each  other,  relide 
in  the  fame  fubjed  ?  repulfion  is  as  oppohte  to  attradion,  in 
my  way  of  conceiving  it,  as  darknefs  to  light,  or  cold  to 
heat ;  and  it  is  equally  impoffible,  that  the  fame  particle 
fhould  both  attrad  and  repel ;  as  that  it  fhould  be  both 
black  and  white,  hot  and  cold,  at  the  fame  time.  To  re¬ 
concile  this,  fome  have  invented  feveral  concentric  Ipheres, 
or  involucra  of  contrary  powers,  furrounding  the  fame  atom 
of  matter;  fo  that  when  other  matter  approaches  the  atom, 
thus  invefted,  as  it  were,  with  the  coats  of  an  immaterial, 
onion;  it  meets  firft  with  a  repelling  fphere;  being  forced 
fomewhat  nearer,  it  falls  in  with  an  attrading  fphere ;  and 
coming  yet  nearer,  it  meets  with  a  repelling  fphere,  to  keep, 
it  from  immediate  con  tad.  What  a  complication  of  caufes 
is  here !  and  all  to  make  one  poor  atom  vibrate  through  lefs 
than  the  1 000th  part  of  an  inch  !  This  can  never  be  agree¬ 
able  to  that  fimplicity  of  nature,  fo  much  boafted  of  by  all 
phildfophers ;  and  if  our  own  fenfes  are  to  have  any  weight, 
the  experience  of  every  day  might  lead  us  to  Something 
more  true,  ufeful,  and  intelligible. 
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7he  application  of  cohefion,  as  an  unmechanical  principle^ 
ferves  only  to  keep  us  in  ignorance*  This  is  proved  from  a 
plain  example, 

bring  the  argumentative  part  of  this  book  to  a  con- 
clufion,  I  fhall  take  the  fubjedl  of  vegetation^  and 
compare  it  with  the  favourite  principle,  which  hath  been 
applied  of  late  years  for  the  explanation  of  it  by  our  fyfte- 
matical  writers;  in  order  to  fhew,  by  one  example  out  of 
many,  that  thefe  powers,  which  have  unhappily  been  fubfti- 
tuted  in  the  place  of  the  true  agents,  do  not  only  not  ex¬ 
plain  any  effecSls,  but  tempt  us  to  conceive  falfely  of  nature, 
and  to  affirm  what  is  contrary  to  experience.  My  only  rea- 
fon  for  driving  the  argument  thus  far,  is  to  encourage  thole, 
who  pretend  to  be  guided  by  experiment y  to  endeavour  at 
fome  farther  progrefs,  and  not  for  ever  ajfert  their  right  to 
Jiopy  when  they  might  go  farther  on  with  pleafure  and 
'  fafety. 

W  H  E  N  a  glafs  tube  of  a  very  fmall  bore,  is  dipped  into 
water,  or  any  other  fluid  except  mercury,  the  fluid  will  be 
raifed  to  a  certain  height- within  the  tube  above  the  furface 
of  the  liquor  in  the  veflel ;  and  its  elevation,  in  feveral  tubes 
of  different  fizes,  will  be  reciprocally  as  the  diameters  of 
their  bores. 

t 

The  ingenious  Mr.  Rowning  will  have  it  —  ‘‘it  is  drawn 
“  up  tendency  it  has  by  the  principle  of  attraSiiony  till 
“  the  furface  is  loaded  with’  as  great  a  weight  as  that  ten¬ 
dency 
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<<  dency  can  fupport  '  Not  to  take  advantage  here  of  the 
author’s  terms  (which  to  be  fure  are  unintelligible)  let  us 
for  a  while  agree  with  him ;  and  fuppofc  the  inner  furface 
of  the  tube  to  attraEi  the  water.  “  Hence  ( fays  he )  a 
‘‘  RIGHT  NOTION  of  the  afcent  of  fap  in  vegetables,  -f’! 

I.  Now  if  the  fap  afcends  in  a  vegetable,  on  the  fame 
principle  that  water  rifes  in  a  capillary  tube,  of  vvhich  he 
feems  to  have  no  doubt;  let  us  take  a  capillary  tube,  in 
which,  for  example,  water  will  be  raifed  to  the  height  of 
two  inches.  In  the  tubes  of  a  plant,  therefore,  whofe  bores 
are  of  the  fame  diameter,  the  fap  fhould  be  raifed  to  the 
fame  height,  but  no  higher  J.  On  the  contrary,  I  have  ob- 
ferved  an  heavy  and  vifcous  juice  to  iffue  plentifully  at  the 
height  of  two  feet ;  and  that  out  of  veflels,  confiderably 
larger  than  the  orifice  of  a  capillary  tube,  within  which  pure 
water  would  not  rife  to  the  height  of  two  inches.  It  is  hardly 
worth  while  to  relate  the  hiftory  of  fo  eafy  an  experiment : 
however,  the  plant  I  made  this  trial  upon,  was  a  very  large 
fpecimen  of  the  tithymalus  heliofcopius^  or  common  fun- 
fpurge,^  the  trunk  of  which  is  without  a  joint,  and  was  cut 
tranfverfely  near  the  top  of  it ;  after  which,  a  fedlion  of  its 
veffels  was  compared  in  a  microfcope  with  a  fedlion  of  the 
glafs  tube. 

II.  I  T  is  alfo  to  be  regarded,  that  the  fame  quantity  of 
liquor  will  be  fujpended  in  a  capillary' tube  when  its  lower 
orifice  is  lifted  out  of  the  water,  as  was  raifed  into  it  while 
immerfed  under  the  furface.  Did  the  fap  afcend  into  a 
vegetable  on  the  fame  principle,  it  ought  to  reji  there,  and 

*  Pref.  p.  17.  18.  t 

t  Dr.  Grew  has  the  fame  remark  —  “  although  we  fee,  that  fmall  glafs-plpes  immerfed 
in  water,  will  give  it  an  afcent  for  fome  inches  5  yet  there  is  a  certain  period^  according 
to  the  bore  of  the  pipe,  beyond  which  it  will  not  rife.”  Anat.  of  plants,  p.  126. 
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be  fuftamed  by  the  attradtive  power  of  the  veffels,  when  the 
orifices  of  them  are  expofed  to  the  open  air.  The  contrary 
to  which  appears  from  experiment :  for  if  a  branch  of  the 
birch  be  taken  off,  or  a  young  tree  be  cut  quite  away,  and 
and  held  in  the  fame  perpendicular  pofture  in  which  it 
grew ;  the  veffels  will  bleed  copioufly  from  the  bottom,  as 
'when  a  limb  is  cut  off  from  an  animal;  and  the  like  will 
happen  in  many  other  plants.  Again ;  water  will  never  run 
out  at  the  upper  orifice  of  a  capillary  tube,  be  it  ever  fo 
fhort.  But  the  flump  of  a  vine,  as  Dr.  Hales  hath  fhewn 
us  %  will  fend  up.  its  fap  into  a  tube  cemented  upon  it,  to 
the  height  of  20  feet  and  upwards.  Thefe  things  being  con- 
fidered,  it  follows  to  a  demonftration,  that  the  piices  are  not 
attraded  by  a  plant,  but  forcibly  compelled  into  its  vef¬ 
fels. 

III.  I  N  a  capillary  tube,  it  makes  no  difference,  whether 
there  is  air  on  the  furface  of  the  water  into  which  it  is  im- 
merfed,  or  whether  the  air  be  exhaufled;  the  experiment 
fucceeding  equally  in  vacuo.  And  the  fame  ought  to  fucceed 
in  a  vegetable ;  to  which,  on  the  contrary,  air  is  found  to 
be  fo  ncceffary,  that  no  plant  can  take  up  its  nourifliment, 
nor  will  a  feed  ever  germinate  fo  long  as  the  air  is  abfent.  ’ 

IV.  There  is  no  feafon  of  the  year,  in  which  a  glafi 
pipe  will  raife  water  to  a  greater  height  than  at  another; 
the  effed  being  juft  the  fame  in  the  depth  of  winter  as  in 
the  heat  of  fummer.  But  the  rays  of  the  fun,  or  the  heat 
of  an  artificial  fire  (which  is  equivalent)  is  fo  abfolutely  re- 
quifite  to  the  growth  of  herbs,  that  in  their  feafon  for  ta^ 
king  in  the  fap,  in  their  ftature,  and  in  their  qualities,  they 
are  wholly  influenced  by  the  fun’s  heat  all  over  the  world. 


*  See  Veg.  Stat.  Exp.  xxxix. 
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The  plants  which  are  loweft  in  their  ftature  fpring  up  firft; 
as  the  little  aconitufn  hyemale  or  winter  wolfs-bane^  which  is 
the  earliell  of  all ;  arum^  chelidonium  minus^  violets^  and  a 
tribe  of  the  like  fort,  which  feldom  attain  to  many  inches  at 
their  utrnofl:  growth,  and  appear  very  early  in  the  fpring. 
Thefe  are  fucceeded  by  others  of  a  larger  fize,  till  at  laft 
the  under-fhrubs  and  trees  put  forth  in  their  order ;  and 
when  the  fun  is  at  his  greateft  exaltation  in  fummer,  the 
whole  vegetable  creation  is  in  its  greateft  glory  and  beauty. 
Then  as  the  fun  declines,  this  vegetative  motion  languifties ; 
and  the  order  they  obferved  in  putting  forth  their  leaves, 
flowers,  and  fruit,  is  now  inverted  in  their  decay.  The  tail- 
eft  trees  are  generally  the  firft  that  drop  their  leaves,  and  the 
lower  follow  at  a  proper  diftance,  till  by  degrees  the  fmalleft 
fhrubs,  except  the  ever-greens,  are  all  ftript  of  their  cover¬ 
ing,  and  lb  continue,  till  the  fun  at  his  return  puts  new  life 
and  moifture  into  their  veins^  But  what  is  all  this  to  the 
afcent  of  water  in  a  capillary  tube  ?  to  apply  that  experiment 
to  the  appearances  in  vegetation,  is  to  introduce  a  principle 
to  give  us  a  right  notion  of  every  thing,  which  actually  agrees 
with  nothing  in  the  whole  fubjecft. 

GThere  had  been  a  fairer  appearance  of  Ibme  foundation 
to  build  upon,  had  the  afcent  of  the  fpirits  in  the  tube  of  a 
thermometer  been  affumed  as  a  proper  fadl  to  begin  with : 

*  If  in  the  morning  (faith  Dr.  Hales )  while  the  fap  was  in  a  rihng  ftate,  there  was 
“  a  cold  wind,  with  a  mixture  of  funfhine  and  cloud ;  when  the  fun  was  clouded,  the 
**  fap  would  immediately  vifibly  fubfide,  at  the  rate  of  an  inch  in  a  minute  for  feveral 
“  inches,  if  the  fun  continued  fo  long  clouded  :  but  as  foon  as  the  fun-beams  broke  out 
“  again,  the  fap  would  immediately  return  to  its  then  rifing  ftate,  juji  as  any  liquor  in  a 

thermometer  rifes  and  falls  with  the  alternacies  of  heat  and  cold:  whence  ’tis  probable, 
“  that  the  plentiful  rife  of  the  fap  in  the  vine  in  the  bleeding  feafon  is  effedied  in  the  fame 

manner"  Feg.  Stat,  Exp.  39. 
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and  yet  this,  by  itfelf,  will  fall  very  far  fhort  of  the  purpole, 
though  it  may  bring  us  fomewhat  nearer  to  the  truth.  For 
let  a  tube  of  this  kind  be  fixed  againft  a  wall  with  a  north¬ 
ern  afpedl ;  the  fluid  contained  in  it  will  conftaiitly  perform 
like  ftages  with  the  fap  in  vegetables.  Should  it  ftand  un¬ 
commonly  high  for  the  feafon,  vegetation  will  be  unnatu¬ 
rally  forward ;  of  which  this  laft  winter  *  hath  afforded  us 
fuch  an  example,  as  never  occurred  within  the  memory  of 
man:  violets,  and  Ibme  other  plants,  were  obferved  to  be 
in  flower  before  the  expiration  of  old  December.  When  the 
thermometer  is  very  low  for  the  feafon,  vegetation  will  be  at 
a  ftand.  But  generally  fpeaking,  as  the  Ipring  advances,  it 
will  be  higher  every  month  till  the  greateft  heat  of  fummer ; 
after  which,  when  the  trees  begin  to  drop  their  leaves,  the 
thermometer  will  fubfide  gradually,  till  it  gets  to  the  freez¬ 
ing  point ;  at  and  about  which,  the  motion  of  the  fap  in 
vegetables  is  at  its  loweft  ebb.% ' 

Thus  far  we  fliould  have  been  right  with  refpedl  to  the 
agency  \  though  as  to  the  particular  circumftances  of  it,  we 
fhould  fail  without  fome  farther  diredlions.  But  if  we  leave 
out  the  fun^  and  the  celejlial  elements^  as  things  fupernume- 
rary  to  the  natural  world  ;  and  '  fet  up  to  explain  all  the 
wonders  of  vegetation,  with  no  better  furniture  than  the  ima¬ 
ginary  attraction  of  a  glals  pipe  ;  we  fhall  generate  infuper- 
able  difficulties  of  a  new  kind,  and  remove  none  of  the  old 
ones  that  naturally  belong  to  this  branch  of  philofophy.  Thus 
it  will  always  happen,  when  we  connedt  together  things  fo¬ 
reign  to  one  another ;  and  account  for  an  hundred  experi¬ 
ments,  by  one  that  hath  not  been  accounted  for ;  which  is 
unfortunately  the  cafe  with  the  capillary  tube.  Thus  Gilbert.^ 
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Kepler^  and  others,  accounted  for  all  the  great  phcenomena 
of  the  world,  from  thofe  of  the  loadjlone'^  and  for  thofe  of 
the  loadftone,  a  formce  tantum  a8iu  immaterialiy  feu  incor-^ 
poreo  procejfu  This  magnetical  philofophy  was  [once  in 
great  requeft,  but  is  now  wholly  difregarded  and  forgot¬ 
ten.  “  .  • 

I  might  have  taken  occafion,  in  this  place,  to  examine 
the  affair  of  magnetifm,  and  to  prove,  that  the  effed:  of  the 
loadftone  is,  i.  not  owing  to  any  attradive  .virtue  in  the 
llibftance,  but  2.  to  the  impulfe  of  an  aether :  and  3.  that 
this  aether  is  no  other  than  elementary  fire.  But  enough  hath 
already  been  faid,  to  eftablifh  the  conclufion  I  had  in  view. 
It  was  not  my  intention,  in  this  treatife,  to  compofe  any 
thing  that  fhould  look  like  a  fyftem  of  philofophy ;  but 
barely  to  fettle  fome  important  preliminaries y  which"  may 
ferve  as  an  introdudion  to  the  ftudy  of  nature,  and  tempt 
ingenious  men  to  make,  fome  farther  enquiry  upon  mechani¬ 
cal  principles.  I  doubt  not,  but  that  thofe  who  are  conver- 
fant  in  phyfical  refearches,  will  be  able  to  confirm  what  I 
have  faid,  with  many  particular  articles  from  their  own  ob- 
fervation. 

f  *  Glib,  de  Magnete.  .  >  "  .  ‘  , 
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'  ,  ;  '  .  I.  .  ■  ■  ;  ^ 
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CHAP.  VII. 

The  coficlujion  from  all  the  foregoing  arguments  and  expe- 
■  riments,  ^  . 

ITrrmay  be  of  ufe  now,  to  colled:  into  one  view  the  evi¬ 
dence  that  hath  been  offered ;  and'  to  confider  at  the 
fame  time,  what,  and  how  much,  we  have  a  right  to  con¬ 
clude  from  it. 

..  In  the  profecution  of  this  work  upon  the  Tnechanifm  of 
nature y  I  have  endeavoured  to  dilprove  all  that  hath  been 
advanced  on  the  other  (ide  of  the  queftion;  and' to  eftablilli 
the  affirmative,  by  an  indudion  of  fo  many  pofitive  proofs 
from  nature  and  experiment,  as  may  ferve  to  put  it  out  of 
all  dilpute*.  -  ^  ,  .  >  ;  .  ,  .  .  ,  ^  i(.  ,  . 

I,.  First  then,  it  is  ^clear  er>ough,  that  the  operatior^  of 
nature  may  be  mechanical ;  notwithftanding  all  "the  objec¬ 
tions,  arguments,  and  demonftrations,  which  have  been  in¬ 
vented  to  liipport  a  contrary  opinion.  Some  of  thefe  objec¬ 
tions  are  no  better  than  naked*  and  unfupported  affertions ; 
which  prove  nothing,  but  that  the  authors  of  them  were 
perfuaded  of  what  they  afferted.  Other  objedions  are  drawn 
from  the  difficulty^  which  the  learned  have  found,  in  affign- 
ing  a  mechanical  caufe  for  fome  particular  effeds ;  and  thefe 
difficulties  have  been  improved  into  abfolute  impoffibilities : 
as  if  it  were  impoffible  for  God  to  contrive,  what  it  is  not 
eafy  for  man  to  comprehend.  Cohefon  hath  been  a  great 
difficulty  :  gravity  another  difficulty  :  and  if  there  were  five 
hundred  more,  would  it  not  be  wrong  to  draw  any  pofitive 

conclu- ' 
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conclufion,  from  what,  by  our  own  confeffion,  we  do  not 
underftand?  The  induftry  and  experience  of  future  times, 
taking  all  due  advantage  of  fome  modern  difcoveries,  may 
make*fome  things  clear  and  eafy,  which  at  prefent  are  ac¬ 
counted  unfathomable.  And  man,  after  all  his  labour  in 
this  life,  muft  expecEl  to  find  many  difficulties,  and  have  the 
mortification  to  be  ignorant  of  many  things.  But  how  pre- 
pofterous  would  it  be,  to  begin  a  fyftem  with  thbfe  articles, 
concerning  which  we  have  no  certain  knowlege !  It  would 
be  like  the  pracftice  of  an  architecfl,  who  ffiould  undertake 
to  build  a  church,  and  begin  with  the  weather-cock. 

As  to  arguments^  the  moft  important  of  all  others,  and 
that  which  moft  nearly  affeds  the  notion  of  an  univerfal 
mechanifm,  is  the  proof  of  a  mcuum  :  not  only  as  the  po- 
fition  itfelf  doth  neceflarily  exclude  all  fecondary  caufes ;  but 
as  it  pretends  alfo  to  be  founded  on  fa6ls.  The  barometer 
finks  when  it  is  carried  higher  up  into  the  atmolphere :  but 
the  argument,  commonly  deduced  from  this  experiment, 
proves  fo  much,  that  it  proves  nothing.  For  at  this  rate, 
there  ought  to  be  a  vacuum,  where  our  fenfes,  with  the  help 
of  fomc  common  experiments,  afiure  us  there  can  be  no  fuch 
thing.  Fire,  which  burns  and  flames  beyond  the  height  to 
which  the  twilight  .is  extended,  will  neither  burn  nor  flame 
in  a  vacuum.  Sound  alfo  is  tranfmitted  from  thence,  if  ac¬ 
counts  attefted  in  the  beft  manner  deferve  any  credit,  per¬ 
haps  more  audibly  than  it  would  be  at  an  equal  diftance  up¬ 
on  the  earth’s  furface.  Thefe  obfervations  will  not  confift 
with  a  vacuum :  they  will  only  lead  us  to  fufpeA,  that  the 
element  of  air  is  but  imperfeblly  underftood. 

If  we  go  higher  up  into  the  heavens,  there  again  we  meet 
with  the  pheenomena  of  comets ;  of  the  philofophy  of  which 
bodies,  but  little  more  appears  to  be  known,  than  that  they 

Z  2  .  difprovc 
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difprove  the  notion  of  a  celeftial  vacuum  :  for  they  burn, 
and  flame,  and  fend  out  vapours,  juft  as  they  would  do,  if 
were  prefent^to  them.  Sir  Ifaac  Newton  hath  been 
beforehand  with  us  in  ftating  this  argument ;  though  in  op- 
pofltion  to  his  own  opinion,  upon  fome  other  occafions. 

From  the  refijlance  of  different  mediums,  a  demonjlration 
is  fuppofed  to  have  arifen  for  the  proof  of  a  vacuum,  as  ab- 
folutely  neceflary  to  an  undecaying  motion.  A  body,  it 
hath  been  afierted,  muft  lofe  its  motion,  by  comtnunicating 
it  to  the  medium  through  which  it  pafles :  and  this  fuppo- 
fltion  is  well  known  to  be  the  foundation  of  that  famous  fu- 
perftru(fture,  which  hath  done  fo  much  honour  to  the  geo¬ 
metrical  talent  of  Sir  Ifaac  Newton*  It  is  upon  this  account 
only,  that  he  will  have  the  celeftial  Ipaces  to  be  void  of  all 
fenfble  matter ;  and  thence  he  takes  occafion  to  introduce 
attraSiion  and  projeEiion  as  the  only  poffible  caules  of  the 
planetary  motions.  Whereas  in  fad:,  a  body  may  preferve 
an  equal  pace  through  any  medium,  and  its  reliftance  fhall 
be  no  argument  to  the  contrary,  if  that  medium  is  appoint¬ 
ed  to  ad  as  the  immediate  caufe  of  the  motion.  Nor  is 
this  a  bare  fpeculation,  depending  on  fuch  principles  as  muft 
be  committed  to  the  courtefy  of  the  reader ;  for  the  thing 
is  reducible  to  pradice.  / 

Air  is  a  reflfting  medium ;  yet  inftead  of  retarding  the 
motion  of  the  lamp-machine  by  its  refifance^  it  preferves  that 
motion  by  its  impulfe.  And  if  the  motion  is  difcontinued 
at  laft,  this  is  not  owing  to  any  defed  or  irregularity  in  the 
caufe^  but  to  the  imperfedion  of  the  materials*  If  the  ma¬ 
terials,  which  are  aded  upon,  would  but  continue  in  the 
fame  ftate,  the  motion  would  be  unretarded,  fo  long  as  air 
and  fire,  which  are  the  caufes  of  it,  fubfift  in  the  world. 

I  N 
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I N  this  experiment,  the  caufes  are  not  artificial  and  vio¬ 
lent^  as  when  a  circular  motion  is  given  to  a  ftone  whirled 
about  in  a  fling,  or  to  bullets  carried  about  in  a  box  by  the 
revolutions  of  a  centrifiugal-table  See.  but  fuch  as  are  fup- 
plied  by  nature  itfelf,  in  its  regular  method  of  ading ;  which 
both  begins^  and  continues  the  motion.  What  is  done  by 
nature  in  one  cafe,  may  certainly  be  done  in  others.  The 
planets  thenifelves  may  be  carried  round  in  their  orbits  by 
the  fame  means.  The  heavens  may  be  filled  throughout 
with  an  astherial  fluid  \  not  infinitely  rarefied,  unrefifting,  • 
and  impotent ;  but  denfe,  and  continuous  in  its  parts :  for 
if  fuch  a  fluid  is  contrived,  by  the  great  author  of  nature, 
to  govern  and  regulate  the  planetary  motions ;  never  let  us 
fear,  that  it  will  obftrud  and  retard  the  motion  which  it  gives. 
From  all  this,  we  have  fufficient  reafon  to  conclude,  that 
the  operations  of  nature  may  be  mechanical. 

2.  Nor  is  it  lefs  evident  that  they  really  are  fo.  In 
all  thofe  experiments,  where  there  can  be  no  reafonable 
doubt  about  the  explanation,  matter  is  found  to  ad  upon 
other  matter,  for  the  producing  of  the  effed ;  and  we  are 
able  to  trace  this  in  fuch  a  variety  of  inftances,  that  unlefs 
.the  world  is  governed  by  oppofite  and  contradidory  prin¬ 
ciples,  the  fame  rule  muft  obtain  throughout  the  whole. 
The  body  of  man,  which  is  the  highefl:  piece  of  machinery 
in  nature,  is  made  to  fiee^  and  hear^  and  fipeak^  upon  me¬ 
chanical  principles ;  and  it  dies  without  the  conftant  impref- 
fion  of  a  material  fiorce  upon  it  from  the  element  of  air. 
By  the  prefTure  of  this  air,  the  mercury  is  made  to  rife  in 
the  tube  of  a  barometer  :  hail,  fnow,  and  vapours,  are  form¬ 
ed  in  the  atmolpherical  regions,  by  the  different  tempera¬ 
tures  of  it :  the  clouds  are  fuftained  by  it,  and  driven  about 
to  water  the  earth :  plants  grow  and  are  nourifhed  by  it : 

without 
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without  it,  there  could  be  neither  found,  voice,'  nor  lan^- 
guage :  all  fires  would  be  extindl :  all  animals,  whether 
fowls,  beafts,  or  filhes,  would  perifli ;  and  the  whole  world 
would  languilh  and  decay. 

For  thofe  effedls,  where  the  caufe  is  not  fo  obvious,  a 
more  fubtil  iether  is  provided ;  the  reality  of  which  hath 
been  proved,  and  many  of  its  operations  pointed  out  by  ex¬ 
periment.  It  is  capable  of  being  transfufed,  as  an  element, 
from  one  parcel  of  matter  to  another.  On  fome  occafions, 
it  will  add  a  remarkable  increafe  to  the  weight  of  bodies. 
It  will  enter  the  pores,  and  fill  the  interftitial  vacuities  of 
all  other  fubftances ;  and  it  ads  with  a  force,  and  a  veloci¬ 
ty,  adequate  to  all  the  effeds  we  can  defire  to  alcribe  to  it. 
It  gives  an  elajlk  force  to  air^  and  occupies  every  Ipace  from 
which  the  air  is  exhaufted.  In  eledricity,  it  fhews  itfelf  to 
be  lights  and  will  occafionally  burn  and  confume  bodies  as 
fire.  It  is  therefore  both  light  and  fire  :  light,  as  it  illumi¬ 
nates,  and  renders  objeds  vifible ;  fire,  as  it  burns  and  con- 
fumes  what  it  ads  upon.  In  the  fire  of  lightning,  it  ap*- 
pears  by  plain  inference,  to  confift  of  the  fame  matter  with 
the  rays  of  the  fun ;  a  confideration,  which,  in  common 
with  many  others,  renders  it  univerfal  to  the  whole  fyftem 
of  the  creation. 

3.  These  are  the  inftrum'ents,  which  God  hath  mani- 
feftly  ordained,  as  fecondary  and  fubfervient  to  his  own 
power,  in  the  oeconomy  of  the  material  world  :  and  they  are 
fo  univerfally  extended,  and  incorporated  with  other  things, 
as  to  be  ferviceable  in  the  motion  of  all  its  particular  parts. 
Some  or  other,  and  in  many  cafes  each  of  thefe,  are  pre- 
fent  to  all  thole  effeds  which  have  fallen  under  the  obferva- 
tion  of  philofophers ;  and  there  are  no  other  caufes  to  be 
found  ;  unlefs  we  alcribe  unintelligible  and  innate  powers  to 

inert 
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inert  matter,  thereby  making  the  effe<5l  to  be ^  the  caufe  of 
itfelf;  or  can  fuppofe,  againft  the  didlates  of  reafon  and 
common  fenfe,  that  God,  who  hath  created  thefe  means, 
hath  made  it  a  rule  to  adl  without  them.  Of  thefe,  both 
art  and  nature  receive  the  benefit  in  common.  What  ftrange 
things  are  brought  to  pafs  by  every  ordinary  blackfmith, 
only  by  the  application  of  fire  and  air  from  his  forge  and  his 
bellows  ?  If  he  turns  thefe  out  ofi  his  Chop,  the  ftrength  of 
his  hands  will  do  him  but  little  fervice;  and  the  reft  muft  . 
be  left  to  attradions  and  repulfions ;  but  iron  and  brafs  do 
not  underftand  the  force  of  fuch  philofophy..  What  would 
the  chemift  do,  without  his  furnaces  and  his  refrigeratories  ? 
Hence  proceed  all  his  feparations,  fublimations,  condenfations, 
fixations,  digeftions,  chryftallizations,  and  fuch  like.  -  With 
the' help  of  thefe  natural  caufes,  very^  few  things  are  too  hard 
for  him  ;  but  without  them,  his  whole  art  would  be  at  a 
ftand.  The  chemift  fees  this  and  confefles  it :  he  cannot 
but  obferve  the  ufes  of  fire  and  air  within  the  fphere  of  his 
laboratory ;  and  is  thence  naturally  led  to  acknowlege  their 
ufes  in  the.  greater  operations  of  nature. '  Hence  it  comes  to 
pafs,  that  there  are  very  few  chemical  writings  extant,  which 
will  riot  afford  feme  light  to  a  natural  philofopher ;  but  a* 
bove  all  others,  the  writings  of  Dr.  Boerhaave  ought  to  be 
rallied  upon  this  account.  ^  t  * 

What  fruit  then  can  be  expeded  from  the  labours  of  any 
difquifitor,  where  he  negleds  thefe  elements,  and  would  ba- 
nifh  them,  to  make  way  for  fuch  caufes  only  as  can  operate 
in  a  vacuum?  he  muft  of  courfe  deface  the- chief  beauty  of 
nature ;  which  is  no  where  fo  confpicuous,  as  in  the  depen¬ 
dence  that  is  eftablilhed  between  effeds  and  their  caufes ; 
and  muft  empty  the  world  of  its  matter  and  mechanifm, 
only  to  fill  it  with  difficulties  and  rnyfferies*  If  he  deftroys 
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the  connedlion  between  the  parts  of  matter,  he  muft  prefent 
us  with  fuch  a  picture  of  nature,  as  can  refemble  nothing 
but  the  bones  of  a  fkeleton,  which  cannot  ftir  one  ftep  up¬ 
on  natural  principles :  whereas  the  work  of  God  is  worthy 
of  its  author,  and  the  frame  of  nature  is  a  perfect  and  well- 
connedted  body,  furniflied  with  all  its  proper  mufcles  and 
ligaments.  The  bones  are  united,  moved,  and  lifted  by  the  , 
mufcles :  if  an  anatomift,  in  defcribing  the  wonders  of  the 
human  frame,  fhould  leave  out  thefe,  he  muft  fuppofe  the 
bones  to  move  themfelves ;  after  which,  he  might  go  on  to 
argue  againji  the  mufcles,  as  things  ufelefs  and  unneceflary, 
mere  obftacles  to  the  free  and  eafy  motion  of  the  bones  with¬ 
in  their  fockets ;  and  then  he  would  philolbphize  juft  as 
they  do,  who  forget  that  fluid  matter  of  the  heavens,  by 
which  all  other  things  are  moved  and  connected  together, 
and  place  occult  powers  in  the  folid  matter  of  the  celeftial 
orbs. 

T  o  avoid  falling  into  any  errors  of  this  kind,  I  have  ta¬ 
ken  care  to  feign  no  arbitrary  and  abftradled  idea  of  nature; 
but  have  examined*  it  wholly  as  a  matter  of  fad,  and  have 
hitherto  argued  from  obfervation  only ;  in  order  to  make 
fuch  a  Iketch  of  its  out-lines,  as  fhall  be  like  the  original. 
And  a  ftrong  likenefs  hath  often  been  hit  by  a  very  indiffe¬ 
rent  painter  ;  while  fome  finifhed  pieces,  which  have  fhewn 
a  mafterly  hand,  might  as  well  have  pafied  for  the  figures 
of  fome  fiditious  charaders  in  a  romance,  as  for  the  perlbns 
who  fat  for  them.  With  regard  to  my  own  reputation  as  a 
writer,  I  am  perfedly  eafy  :  for  it  was  neither  my  defign^ 
nor  my  deflre,  to  exhibit  a  pattern  of  eloquence ;  but  to 
add  fome  little  matter  to  the  common  ftock  of  ufeTul  know- 
lege.  It  is  in  this  light  only,  that  I  could  wifli  to  have  my 
labours  accepted.  As  to  the  author  himfelf,  the  learned,  I 

hope, 
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hope,  will  find  no  reafon  to  look  upon  him  as  one  who 
would  didiate  to  thole,  who  are  better  able  to  inftrud:  him ; 
or  to  impofe  a  belief  of  any  thing,  which  is  not  fupported 
by  plain  argument,  and  undeniable  evidence.  If  they  do 
him  juftice,  they  will  regard  him  only  as  a  fellow-enquirer 
after  that  truth,  which  they  alfo  are  defirous  to  find ;  and 
will  attend  to  him,  as  to  one,  who  takes  great  delight  in 
the  works  of  God,  and  but  little  in  any  work  of  his  own. 


END  OF  THE  Third  Book. 
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BOOK  IV. 

The  judgment  of  antiquity  on  the  JyJlem  of  nature : 
together  with  the  fentiments  of  fome  modern  au¬ 
thors  of  the  bejl  repute. 


'  v  -  .  .  . 
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■  *  i  ■ 

■  Some  general  obfervations  on  the  learning  of  the  ancients. 

,  ■  '  .  i 

.  ••  •  I  • 

» 

TO  what  hath  already  been  deduced  from  obfcrvation 
and  experiment,  let  us  now  try,  if  we  can  add  the 
fandlion  of  fome  clear  and  indifputable  teftimonies 
from  antiquity.  This  enquiry  will  be  ufeful  and  pleafant  in 
itfelf,  and  the  refult  of  it,  I  hope,  will  be  fatisfadlory ;  as  it 
may  ferve  to  repel  any  charge  of  novelty which,  if  it  were 
well-grounded,  might  be  urged  with  fome  fuccefs  againft 
the  dqdlrine  of  the  mechanifn  of  the  world,*  and  the  in¬ 
fluence  of.  caiifes.  For,  as  I  have  pretended,  that 

thefe  things  are  equally  plain  hnport ant ^  there  could  be 

no  better  objection  againfl:  them  as  fuch,  than  that  mankind 
'fhouW  have  been  left  to  this  day  in  ignorance  of- them. 
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For  my  own  part,  I  have  always  been  perfuaded,  that 
in  our  judgment  of  phyfics,  a  proper  regard  ought  to  be 
piid  to  the  concurrent  teflimonies  of  ancient  writers ;  who 
had,  in  many  refpedls,  the  fame  opportunities  that  we  have, 
and  made  it  their  pradice  to  derive  their  knowlege  of  things 
from  evidence  and  obfervation.  •  How  far  they  were  able  to 
carry,  their  obfervations,  it  would  be  difficult  to  fhew  with 
any  tolerable'  precifion ;  farther,  I  think,  than  they  are  al¬ 
lowed  to  have  done  by  the  generaf  ftrearh  of  rhodern  wri¬ 
ters  ;  fome  of  whom  are  weak  enough  to  believe,  that  wif- 
dom  is  a  child  newly  born,  though  the  world  is  now  in  its 
dotage. 

Th  us  much,  however,  is  certain  and  indilputable,  that 
there  are  innumerable  appearances  and  operations  in  nature, 
which  are  fubjeded  to  the  eyes  and  fenfes  of  men,  though 
unaffifted  with  fome  inventions  of  art,  which  are  ufually 
reckoned  peculiar  to  the  latter  ages :  and  as  nature  is  conlif- 
tent  with  itfelf,  from  thefe  fuch  a  judgment  might  be  form¬ 
ed  concerning  the  whole,  as  fhould*  be  fubjed  to  no  ma¬ 
terial  errors,  though  it  might  fall  fhort  of  a  mathematical 
exadnefs. 

The  Ikill  of  the  ancients  in- mechanical  arts  is  generally 
confeffed  to  have  been  very  great  3  and  there  are  fome  fuch 
monuments  of  it  ftill  remaining,  both  great  and  fmall,  as 
their  fons  at  this  day  would  find  it  hard  to  exceed,  or  even 
to  imitate.  And  it  is  well  known,  that  in  three  branches 
of  fcience,  very  nearly  allied  to  natural  philofophy,  their  at¬ 
tainments  are  the  foundation  of  modern  learning.  Their 
geometry  and  mathetmtics  ought  to  be  remembered  flrfl:  up¬ 
on  this  occafion ;  the  principles  of  which  are  derived  from 
the  writings  of  Archimedes^  Euclid^  Apollonius^  and  fome 
other  authors.  And  many  of  the  moft  valuable  parts  of 

mathe- 
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mathematical  learning  feem  to  have  been  more  ancient  than 
the  names  of  the  writers  to  whom  they  are  aferibed.  The 
Greeks  were  always  notorious  for  pretending  to  invent,  what, 
it  is  evident,  they  were  at  the  pains  to  glean  up,  among 
nations  more  ancient  and  wifer  than  themfelves.  The  ftory 
of  Pythagoras  facrificing  an  Hecatomb^  when  he  had  found 
out  the  4'7th  proportion  of  the  fir Jl  book  of  Euclid^-  looks 
very  fufpicious,  and  hangs  lb  badly  together,  that  the  whole 
feerns  rather  to  have  been  a  fi<Slion.  For  how  could  that 
philofopher  facrifice  an  hu?td(red  oxen^  who  made  it  a  point 
of  confcience  never  to  facrifice  any  living  creature  ?  It  is 
more  probable,  that  his  geometry  was  imported,  together 
with  his  ajlronomy^  from  the  Egyptians  among  whom  he 
had  travelled  in  fearch  of  wifHom  and  learning. 

But  it  is  a  matter  of  no  concern  to  the  prefent  argu¬ 
ment,  who  were  the  inventors ;  thus  much  being  certain, 
that  the  ancients  were  adually  in  pofleflion  of  all  the  moft 
confiderable  and  ufeful  parts  of  the  mathematical  fciences. 
It  hath  been  fufpeded,  from  fome  idle  expreflions  among 
the  poets,  that  the  ancients  judged  the  earth  to  be  a  fiat 
furfacBy  and  that  the  fun  every  evening  went  hifTing  into 
the  weftern  ocean.  Whereas  it  is  known  to  thofe  who  en¬ 
quire  farther,  that  their  mathematicians  always  held  the  earth 
to  be  a  fphere  as  we  do  now  ;  and  fome  of  them, ,  from  the 
earlieft  times  of  which  we  have  any  account,  endeavoured 

*  Tsc  T«v  n^ov  Aojjy,  xctf  to  xetf  to  ri/? 

tTj  St  'vt'j  cif  TTwy  T3JJ  •Ttzt^'  Ai'/JiTTioi'i  —•  •  ■  Pythagofas  Icaviit yro7n  the 

Egyptians  kno^Jiilege  of  hieroglyphics  or  fymbols^  his  geometrical  theorems,  his  m^eries 

and  powers  of  numbers^  and  alfo  his  doSlrine  of  the  tranfmigration  of  fouls This  is  part 

of  a  famous  paflage  in  the  firft  book  of  Diodorus  Siculus^  wherein  that  hiflorian  confelfes, 
that  the  Greeks  borrowed  both  their  philofophy  and  myfteries  from  the  Egyptians.  It  is 
quoted  by  Eufebius,  Pr£ep.  Evang.  1.  lO.  and  is  printed  at  the  end  of  the  works  of  Clemens 
Alexandrinus. 


to 
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to  find  out  the  meafure  of  a  degree  upon  its  furface  by 
the  meridian-altitudes  of  ftars  near  the  zenith ;  a  problem, 
in  the  folving  of  which,  the  French  aftronomers  laboured  fo 
much  fome  years  ago. 

Then  again,  as  to  their  knowlege  of  phyjick ;  how  ve¬ 
nerable  are  the  names  of  Hippocrates^  Aretreus^  Celfus  and 
Galen  P  and,  what  is  worthy  of  obfervation,  the  author, 
who  is  the  moft  ancient  of  thefe,  is  defervedly  the  beft  re¬ 
puted.  Where  the  moderns  take  advantage  of  thefe  writings, 
and  form  their  judgment  after  the  model  of  antiquity,  it  is 
always  found  to  anfwer :  and  a  phyfician  of  good  abilities, 
'who  takes  this  courfe,  is  fure  to  do  honour  to  that  profeflion, 
which  of  all  others  is  one  of  the  moft  honourable. 

The  modern  anatomy  is  chiefly  diftinguiflied  from  the 
ancient,  by  a  knowlege  of  the  circulation  of  the  blood  :  and 
yet  there  are  paffages  in  fome  ancient  writers,  which  feem  fb 
nearly  to  defcribe  it,  though  indeed  with  no  great  accuracy 
of  expreflion,  that  I  confefs  I  am  not  anatomift  enough  to 
fee  fully  where  the  difference  lies.  They  appear  to  have 
known,  that  the  blood  is  thrown  into  the  heart  by  the  vena 
cavay  and  is  diftributed  again,  from  the  fame  fountain,  to 
all  the  different  parts  of  the  body  -f.  Whether  they  did 

adually  infer,  that  it  returned  again  to  the  heart  through 
» 

*  This  hath  very  lately  been  taken  notice  of.  In  Mr.  Stone's  fupplement  to  his  new 
edition  of  Eton's  book  on  the  conJiruSiion  and  ufes  of  mathematical  injiruments^  p.  3 1 8  ;  a 
treatife  that  ought  to  be  in  the  hands  of  all  lovers  of  mechanical  and  mathematical 
arts.  ' 

f  Lapfus  cibus  —  in  earn  venam,  qua?  cava  appellatur,  confunditur,  perque  earn  ad 
cor  confectus  jam  co^lufque  {lerlabitur ;  a  corde  autem  In  totum  -corpus  dijlrihuitur,  Cic.  de 
Nat.  Deor.  lib.  2.  cap.  55. 

In  corde  —  quatuor  orificia,  bina  in  utroque  ventriculo  :  alterum  quidem  inducit,  al¬ 
teram  vero  educit  —  per  alterum  fanguis  trahitury  per  alterum  ernittltiir.  Galen,  de  ufu. 
part.  L.  6. 

It  is  obfervable  that  Plato  In  his  Pbnausy  as  quoted  by  Longlnusy  ftyles  the  heart,  'mr/0 
r*  nEri4>EPO.MENO'jf  e-pc^us  Long.  p,  i70.  edit.  Pearce. 
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fome  capillary  inofculations  of  the  veins  and  arteries  %  may 
indeed  be  queftioned  ;  and  I  would  leave  this  to  be  deter¬ 
mined  by  the  phylicians,  whofe  reading  is  more  extendvc, 
and  whofe  proper  province  it  is  to  judge  of  fuch  things. 

But  when  I  fpeak  of  the  wifdom  of  the  ancients,  it  is 
chiefly  with  a  view  to  their  knowlege  of  AJlronomy :  for  al¬ 
though  it  may  be  doubted,  to  what  original  we  ought  to  re¬ 
fer  the  whole  merit  of  the  invention,  it  is  clear  enouo;li,  that 
the  true  folar  revived  by  Copernicus^  and  confirmed 

afterwards  by  the  telefcopes  of  GalilceOy  was  well  known  to 
the  aftronomers  of  antiquity,  who  obtained  it  from  Egyps 
"  and  Phoenicia,  ,  , 

I  cannot  help  obferving  upon  this  occafion,  what  a  mif- 
chievous  thing  authority  is,  when  it  hath  once  gained  a  foot¬ 
ing  among  thofe  who  fearch  after  the  jcnowlege  of  nature. 
The  'name  of  Arijiotle^  and  the  example  of  king  Ptolemy^ 
gave  a  currency  to  a  mofl:  unnatural  and  abfurd  fyftem,  and 
kept  the  vvorld  for  many  hundred  years  in  a  ftate  of  dark- 
nefs,  from  which  it  was  recovered  at  laft,  not  without  great 
difficulty  and  violent  oppofition.  There  was  a  pleafant  in- 
ftance  of  a  .philofopher  at  Florence^  whofe  prejudices  had  ta¬ 
ken  fo  deep  root,  that  he  could  never  be  perfuaded  to  look 
through  one  of  Galilceo\  telefcopes,  left  he  fhould  fee  fome- 
thing  in  the  heavens,  that  might  difturb  him  in  his  belief  of 
Ar^otle^  philofophy. 

*  That  the  blood  hath  fuch  a  circulation  as  this,  efpecially  in  the  lungs^  feems  to  be 
affirmed  by  Galen  in  the  following  words,  which  I  would  defire  the  learned  reader  to  con- 
fider :  they  are  quoted  by  Harvey.  Exercit.  anat.  I.  cap.  y.  In  toto  eji  inutua  anajiemojis 
( inofculatio  )  atque  ofculorum  apertio  arteriis  ftmul  cum  venis  ;  tranfumuntque  ex  fefe  pariter 
fanguinem  ^  fpiritum.^  per  invifibiles  quajdam  atque  angujias  plane  vias.  &c.  That  Galen 
knew  the  arteries  to  be  filled  with  blood  as  well  as  the  veins,  is  clear  from  his  own  experi¬ 
ments.  “  Hippocrates  (  fays  Dr.  Boerhaave )  has  had  the  honour'  given  him  of  knowing 
“  the  circulation,  firft  by  Riolan.^  and  then  by  Drelincourt  and  others ;  but  it  is  certain, 
“  that  if  he  underftood  the  blood’s  motion,  he  has  exprefl'ed  himfelf  fo  unintelligibly 
“  about  it,  that  his  acuteft  interpreter,  Galen^  did  not  thence  fo  much  as  fufpeLd  that  the 
“blood  had  a  circulating  courfe.”  &c.  See  Yix.Boerh.  Academical  LeSiures — Vol.  2. 

p.  38. 
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This  fame  Arijlotle  informs  us,  that  an  aftronomical 
fyftem,  contrary  to  his  own,  was  maintained  by  thofe  of 
the  Italic  fedt,  who  were  called  Pythagoreans :  for  thefe, 
fays  he,  aflert  that  fire  is  in  the  midft  of  the  world,  and 
that  the  earth,  moving  as  one  of  the  ftars,  performs  a  circuit 
round  this  centre,  by  means  of  which  the  changes  of  day 
and  night  are  brought  to  pafs.  And  the  fame  author  adds 
that  many  others  befide  the  Pythagoreans^  judged  it  impro¬ 
per  to  place  the  earth  in  the  centre  of  the  world.  ^ 

Archimedes  delivers  it  as  the  opinion  and  dodrine  of 
Arijlarchus  Samius^  that  ‘‘  all  the  fixt  ftars  and  the  fun  are 
“  without  motion  :  that  the  earth  is  carried  round  the  fun 
in  the  circumference  of  a  circle,  of  which  the  fun  itfelf  is 
the  centre :  and  that  the  (phere  of  the  fixt  ftars  is  fo  im- 
menfe,  that  the  circle  of  the  earth’s  annual  orb  bears  no 
greater  proportion  to  it,  than  the  centre  of  any  Iphere 
“  bears  to  its  whole  furface 

Laertius  ^nA~Stohaus  afcribe  the  fame  dodrine  to  Phi- 

^  T  *  , 

lolaus.  By  the  latter  of  thefe  we  are  informed,  that  he 
‘‘  placed  fire  in  the  middle  of  the  vrorld,  at  the  centre,  and 
^‘called  it.  the  focus  or  hearth  of  the  univerfe.  f  ”  Froni 
this  philofopher  Plato  is  reported  to  have  borrowed  much 


p.  38  of  the  Englijh  tranflation - Thus  far  we  muft  agree  with  this  learned  author^  that 

if  the  ancients  had  a  knowlcge  of  the  circulafion,  their  expreffions  upon  the  fubje<S'are  at 
leaft  defedlive,  if  not  unintelligible.  And  it  hath  happened  tn  many  inftances,  that  the 
truth  hath  never  been  fufficiently  cleared  up  and  eftablifhed,  until  it  hath  been  exprefsly 
difputcd.  Certain  it  is,  that  the  Gaknijis  did  abfolutely  deny  a  circulation :  in  oppofition 
to  whofe  fyftem,  the  truth  was  either  reftored  or  difcovered  by  the  folid  reafonings  and 
experiments  of  Harvey.  .  _  . , 

*  Zva4i7iu<;  et  mQA  tjh  Sf  E^n  rov'  IIi>§  f4Vc*f 

(pxm,  St  ytjf  t»  Tvv  tv-ntv  xvxXx  r»  f/nn*  ti  xxf  no/'Skfl/f 

S’  et*  xcti  Sh>  ttj  r>i¥  rb  fjkiovu  tnrchoiivcCff.  Ariji.  dc  Ccelo.  L.  Z.  C.  1 

t  Archhn.  Arenar.  Lib.  i. 

J  Tev^  evr*^  tv  ttxvt^  Stob.  tv 

In  his  chapter  wncc4  &c.  he  obferves  of  the  mathematicians,  that  toine  fol¬ 
lowed  Plato  i  ‘while  othen  averted  the  fun  to  be  in  the  middle  of  the  world — 

Tuii  Tcv  V 

of 
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of  his  knowlege ;  and  according  to  Plutarch^  he  repented 
toward  the  latter  end  of  his  life,  that  he  had  not  followed 
him  in  this  article  alfo. 

Lastly,  Seneca  mentions  it  as  a  queftion  worthy  of  con¬ 
templation,  “  whether  the  univerfe  revolves,  the  earth  being 
at  reft ;  or  whether  the  earth  moves,  while  the  univerfe  is 
fixed.  For  it  hath  been  maintained  by  fome^  that  we,  the 
“  inhabitants  of  the  earth,  are  carried  about  by  an  imper- 
‘‘  ceptible  motion ;  and  that  the  rifing  and  fetting  of  the 
ftars  is  not  occafioned  by  a  motion  of  the  heavens,  but 
‘‘  that  we  ourfelves  rife  and  fet  here  upon  the  earth 

The  ancients  therefore  were , acquainted  with  the  dilpofi- 
tion  of  the  world  according  to  the  true  folar  lyftem  :  and 
there  is  little  doubt,  but  that  the  Ptolemaic  hypothejis  was 
novel  in  corhparifon  of  it,  a  fcheme  rather  adapted  to  the 
prejudices  of  fenfe,  and  the  corrupt  philofophy  of  AriJiotUj 
than  eftabliflied  in  the  world  for  any  intrinfic  merit  of  its 
own,  or  any  rational  conformity  with  nature  itfelf.  How  plain 
and  natural  does  the  Copernican  fyftem  appear,  now  the 
induftry  of  man  hath  been  fufficiently  employed  upon  it : 
and  how  eafily  might  it  have  been  retrieved  much  earlier,  if 
aftronomers  had  not  given  up  their  underftandings  to  what 
they  never  were  able  to  make  any  fenfe  of.  Men  are  always 
jealous  enough  of  their  bodily  liberties,  and  are  too  often 
ready  to  claim  a  right  of  judging  and  contradidling,  where 
they  ought  to  be  obedient ;  while  they  tamely  give  up  the 
liberty  of  the  underftanding  to  thofe  who  have  no  right  to 
demand  it,  as  Arijiotle- Q^xtdxv^y  had  not.  And  yet  his  very 
name  did  once  convey  an  idea  of  all  that  is  great  and  wife, 


Utrum  mundu8  terra  ftantc  circumcat,  an  mundo  ftante  tirra  vertatur.  Fuerunt 
cnim  qui  dicercnt,  nos  efle,  quos  rcrum  natura  nefciehtea  ferat,  nec  cceli  motu  fieri  ortus 
&  occalus,  fed  ipfos  oriri  &  occiderc  &:c.  Nat,  Lib.  7.  c.  2. 
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to  thofe  who  followed  like  a  fwarm  of  bees,  and  would  iliew 
an  invincible  affedtion,  even  for  a  dry  unfruitful  flump  of  a 
tree,  if  their  leader  happened  to  light  upon  it.  It  was  ow¬ 
ing  to  that  idle  un-enquiring  fpirit,  which  poflefies  moft 
men,  that  the  nations  conquered  by  his  pupil  Alexander^ 
were  lefs  numerous,  and  lefs  fubmiflive,  than  the  fubjeds  of 
AriJlotle\  in  the  days  of  whofe  dominion,  common  fenfe 
was  in  a  manner  buried  and  overwhelmed  by  a  verbole  wif- 
dom^  which  employed  itfelf  only  in  diftinguifhing,  fubdi- 
viding,  and  difputing,  about  its  prefent  flock  of  matter; 
not  in  the  making  of  fuch  experiments,  as  might  have  cor- 
redied  what  was  amifs,  and  fuppKed  what  was  wanting ;  be- 
caufe  the  attempt  would  have  derogated  from  the  praifes  of 
AriJlQtle. 

*  Tee  memory  of  Nicolaus:  Copernicus  will  always  deferve 
to  be  regarded,  in  that  he  was  the  fir  ft,  -who  dared  openly 
to  fet  a  better  fcheme  on  foot,  in  oppofition  to  the  furious 
prejudices  of  the  age  he  lived  in  :  and  it  is  the  greateft 
praife  of  I)es-Cartes^  that  his  labours,  for  a  time,  gave  a 
finifhing  .ftroke  to  the  tyranny  of  fcholaftic  learning.  The 
divine  providence  itfelf  feems  to  have  favoured  and  feconded 
the  attempt  of  Copernicus^  in  railing  up  Galilce&y  to  demon- 
ftrate  by  his  telefcopes  fome  articles  not  very  eafy  of  digef- 
tion,  which  Copernicus^  could  only  aflert  upon  principle,, 
without  being  able  to  confirm,  what  he  faid  by  fuch  fenfible 
proofs,  as  the  caufe  feemed  to  require.  And  Galilceo  him- 
felf  had  piety  enough  to  aferibe  this  fudden  and  wonderful 
turn  of  things  to  that  fupreme  power  %  by  whofe  dire<ftion 
all  ufeful  difeoveries  and  improvements  of  feience  are  made 

— -  Ope  pcffpicUU  a  me  excogitati,  prius  tUumlnante  gratia,  Galil,  Syder, 

Nmc.  p.  XQ. 
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to  arife,  at  thofe  times  and  feafons,  when  his  wifdom  fees  , 
them  to  be  moft  expedient :  though  perhaps,  in  ftridlnefs  of  . 

‘  truth,  it  may  be  more  proper  to  term  thefe  rejlorations  of 
fcience^  than  original  'difcoveries.  And  the  farther  I  enquire, 
the  more  I  am  tempted  to  belie\^e,  that  even  in  this  fenfe 
—  Nihil  eji  fub  Jble  novi,  " 

.These  things  are  worth  confidering,  before  we  enter  up¬ 
on  the  fucceeding  chapters :  for  there  muft  needs  be  a  fair 
profpedl  of  finding  fome  very  difcernible  footfteps  of  a  true 
philofophy  among  thofe  writers,  from  whom  the  true  aftro- 
nomy,  after  many  ages,  was  fo  happily  recovered.  And  in 
fad:,  we  fhall  find  them  declaring  fo.  exprefsly  and  almoft 
unanimoufly  for  the  principles  I  have  endeavoured  to  deduce 
and  jnftify  from  obfervation,  that  if  I  had  been  allowed  to 
invent  fuefi  expreflions;  as-£hould  agree  beft  with  my  own 
fentiments,  they  would  have  been  juft  fuch  as  I  am  able  fo 
produce.  Some  examples-  of  this- 1  have  already  given  in  the 
for^£)ingjpart,Qf  this  work,  by  throwing  a-few  paflages  0G7 
cafionally  into  the,  margin.  I  ought  indeed  to  make  fome 
apology  for  fetting;  out,  to  view  fo  many  Greek  and  Latin 
quotations,  in  a  treatife  written  mvEngliJh,  But  how  is  it 
poflible  for  me  fo  avoid  it?  for  we  cannot  have  the  fenti- 
raents  of  the  ancients  without  their  languages  of  which, 
however,  L  fhalf  difturb  the.  text  of  my  book  with  asv  little 
as.pofliblea 


B  b  2  CHAP. 
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'  C  H  A  P.  ‘  II. 

*  »  •  * 

T^ejlimontes  from  the  prmcipal  authors  of  profane  antiquity 
among  the  Greeks,. 

PLATO,  who  was  the  head  and  founder  of  the  acade¬ 
mics^  and  without  exception  the  greateft  and  moft 
amiable  philofopher  among  the  Greeks^  ^  whofe  fentiments 
alfo,  in  regard  to  natural  philofophy,  are  fuppofed  to,  have 
been  the  fame  with  thofe  of  Pythagoras  denies  a  vacuum 
upon  all  occafions,  and  aflerts  in- general,  that  ‘‘  fire  and  heat 
“  beget  and  GOVERN  all  other  things  f.”  '  Where  he  'de- 
fcends  to  particulars,  as  in  the  dialogue  that  bears  the  naine 
of  T'imceuSy  he  accounts  for  the  animal'  functions  from  an 
intertexture  of  air  and  fire%^  ailing  throughout  Uhe  whole 
frame  of  the  body.  To  fire  he  afcribes  the  ' of.  expand^ 

ing  within^  and  adting  through  the  body  outwards ;  while 
the  element  of  •  air  comprejfes  from  without^  and  counter- 
adls  the  force  of  the  internal  fire.  By  the'minifiry  of  thefe 
caufes  ^  and  the  impoffibility  of  a  vacuum^  a  perpetual  cir- 
as  it  were ++,  is  kept  up,  through  the  rriotion  of 
the  lungs  in  infpiration  and  refpiration.  The  elFedts  obferv- 
able  in  gravitating  and  projeEied  bodies,  as  allb  in  amber  and 


*  Plato  is  reported  to  have  borrowed  the  doctrines  in  his  Timaus^  from  the  writings  of 
Philolaus  a  fcholar  of  Pythagoras.  Thefe  writings  (as  Hermippus  relates)  he  purchafed  at 
the  extravagant  price  of  40  Alexandrian  Mina  of  iilver. 

•f  To  0  ^  KOj  r  yenX  xccf  %7n't%omvH.  7heatet. 

J  XIAiyjttgt  *1  «eg»5  Ilt/g®-. 

**  A/f  AITIAI2. 

J-t  Tovrt  7rw»  cioi  ^yfTzc^. 
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the  loadjlone^  he  imputes  to  the  adion  of  the  fame  elements, 
and  fuppofes  them  to  be  brought  to  pafs  after  a  manner  ana- 
lagous  to  that  above-mentioned  :  for  in  all  thefe  cafes,  he 
obferves,  thej^e  is  really  no  fuch  thing  as  an  attraEiion  ^  ;  but 
the  caufes  already  afligned  will  be  found,  by  thofe  who  e7t- 
quire  diligently^  to  effedt  all  thefe  wonders  of  nature  by  their 
reciprocal  itnpulfes, 

I  N  another  part  of  the  lame  dialogue,  fpeaking  of  the 
manner  in  which  vilion  is  performed,  by  the  mediation  of 
elementary  lire  and  light,  he  fays  “  Thefe  are  the  fecondary 
and  co-operating  caufes  which  God  makes  ufe  of  as  his 
“  miniflersy  for  the  finifhing  and  perfecting  of  his  Work. 
“  Moft  men  look  upon  thefe,  not  as  the  fecotidary^  but  as* 
the  primary  caufes  of  all  things^  inafmuch  as  they  occafion 
‘‘  heat  and  cold^  can  elfeCl  the  cohefon  and  dijfolution  of  bo^ 
“  dies,  and  perform  all  other  things  of  this  kind  “t.”  This 
pafl'age  while  it  fuits  my  purpofe,  and  fliews  how  deep  Plato 
was  in  the  mechanifm  of  nature,  is  fuperior  and  contrary  to 
the  opinion  of  this  author  himfelf  on  fome  other  occalions  f, 
and  fupplies  us  with  a  valuable  teftimony  againft  the  idola¬ 
try  of  the  heathen  world  in  general,  who  exalted  the  crea¬ 
ture  into  the  place  of  the  creator.  I  know  not  how  to  ac¬ 
count  for  this  fentiment  from  the  mouth  of  PlatOy  unlefs  it 
be  taken  for  one  of  thofe  many  articles,  which  this  great 
philofopher,  to  ufe  the  words  of  Serranus  —  aliunde  ex  tne- 
liore  doBrind  acceperat. 

*  risrm  OAKH  fx,ty  nn  tsJ»  aStvi  ttbtt. 

N.  B.  This  pafl'age  may  be  confuJted  at  large,  as  well  in  the  ecloga  pJjyftca  of  Siobaus^  as 
in  the  works  of  Plato  himfelf.* 

'f  T cwr  ovy  'mx.yr  rtuy  a.vycM-nm^  e/j  itv  rt  i'wjftrcy  fSsem 

tt/TniiXm,  T  vtto  tuv  ;rA«sw»  K  \vyeMTtx  cMutt  fif ccf  Tm  •nuiluv,  x-oj 

-n  xuf  xuf  osw  rotcu/Tte. 

X  For  the  truth  of  this  reflexion,  confult  Cicero  de  Nat.  Deor.  lib.  2.  c.  12. 

*  i  •  .  * 

Cicero, 
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Cicero,  fpeaking  of  the  ancient  Platonijisy  relates  in  few 
words  how  they  treated  the  fubjed  of  natural  philofophy. 
They  divided  nature  into  two  parts,  one  of  which  was 
aBive^  the  other  pajftve.  They  held  it  impolTiMe  for  bo- 
“  dies  to  cohere^  unlefs  they  were  kept  together  by  fome 
‘‘force;  and  that  it  was-neceffiiry  this  force  fhould  be  ex^ 
“  erted  hy’fome  matter.  In  diftinguifhing  the  feveral  ufes  of 
“  the  elements,  they  attributed  to  air  and  fire  the  power  of 
^‘giving  motion  and  caufing  effedls;  to  earth  and  water  a 
“  palfivenefs,  or  difpofition  to  receive  their  impreflions 
Cicero  feems  here  to  have  borrowed  his  fenfe  from  fome  pat- 
fages  in  Ocellus  Lucanus^  a  Greek  author  of  great  anticjuityj 
who  was  a  difciple  of  Pythagoras.  He  rednces  all  the  dif^ 
ferent  parts  of  the  univerfe  to  what  he  calls.  ^^gemratkn\ 
“  and  the  caufe.  of  gemration  \  the  latter  of  which,  as  obfer- 
“  vation  teaches,  Hath  the  power  of  moving  and  affeding-; 
“  while  it  is  the  office  of  the  former  to  be  paffiye  and  re*^ 
“  ceive  motion.  Heat  and  cold,  which  (according  to  his  own 
“interpretation)  are  the  A/vet^e4f  ox  faculties  of  fire  and'  air^ 
“  are  the  caufes  and  efficients;  the  d^ynefs  and  moifture  of  the 
“  earth  and  v^ater  afford  them  materials  to  work  upon  d.’* 
And  this  agre^  with  what  Hfrmias  the  chriftian  philofo-^ 
pher  gives  us  as  the  opinion  of  Pherecyd^i  Syrian y  who 

drew  his.  learning  fromThc  books^of  the  and  is 

reported  to  haye  bem  the  teacher  of  Pythagoras^  that  at  her 
is  the'' agent ^  earth  the  patient 

*■  De  natura  autem  ita  dicebant,  ut  cam  dividerent  in  res  dms :  ut  altera  elTet  effidenSi 
altera  autem,  quafi  fe  prabens t\Q(\\xQ  enim  maceriam  ipfam  cohaerere  potuifle,  ft 
nulla  ,vi ,  CQn.tineretur :  neque  vimiftne  aliqua  rnateria.  — Ilk  initia  elementa  dicuntur,  e 
quibus  aer  &  i^ni's  movcnai  vim  habent  &  ejiciendi,  reliqu»  partes  accipiendi  &  quaft  pa^ 
aquara  dico  Sc  terram.  Acfid.  ^aji,  Wh,  i. 

"b.  fit*  w  MVtuf  7fi(  7»  a'»<«y  KUf  Ktmv  t«.  Utg/i  h  ro 

rt  Kfij  Tt  Ktm^etf.  QcelL  Lucnn.  cap.  z,  T*^  f*u  e»,vti  ««/  t* 

h  Kcif  si^**  nt.vhis  Tmjnvnsf”  Ibid- 
J  O  enjyie  T»  TTtutf,  f)  Ji  yif  Tf  7rw<^*y.  Bochurt.  gcogr.  facr.  p.  236. 


Zeno, 


ON  THE  SYSTEM  OF  NATURE.  199 

Zeno,  who  was  the  leader  of  the  Jioks^  taught  that  ‘^nature 
is  fupported  by  an  elementary  fire  difFufed  through  all  the 
parts  of  it  That  there  is  no  vacuity  ;  the  world  being 
“  fo  compleatly  united  in  itfelf,  that  there  is  a  connexion 
“  and  harmony  between  things  celeftial  and  terreftrial  f 
This  mechanical  connexion  between  the  diftant  parts  of 
the  univerfe,  was  ingenioufly  exprefled  in  a  figure  of  the 
great  Diana  of  the  EpheJianSy  ftill  preferved  upon  fome  an¬ 
cient  coins  f.  This  idol  the  fame  with  the  Egyptian  IJis 
was  plainly  intended  to  reprefent  the  whole  lyftem  of  na¬ 
ture.  Her  body  is  clofely  wrapt  up  and  concealed  from  the 
head  to  the  feet,  under  a. variety  of  hieroglyphical  ornaments, 
to  fignify  the  jirji  matter  of  the  univerfe  hidden  beneath 
the  external  forms  and  figures  of  things.  (See  plate  III.  fig.  3. 
page  129.)  In  her  open  face,  is  the  fplendor  of  the  day ;  her  veil 
behind  fhews  the  darknefs  of  the  night ;  her  multitude  of 
breafts,  the  fertility  of  the  earth,  which  as  a  fruitful  mother 
fuckles  and  fupports  all  her  produ£lions  :  her  hands  fpread 
out  exprefs  the  efficient  power  or  agency  of  the  fuperior  ele¬ 
ments  ;  and  to  fhew  that  thefe  adt  only  by  means  of  me¬ 
chanical  impulfes,  and  a  connexion  with  even  the  moft  ex¬ 
treme  or  loweft  parts  of  nature,  a  chain  is  carried  down  from 
each  hand  of  the  image,  and  connedted  with  its  feet.  The 
fenfe  and  meaning  of  this  chain  may  be  well  exprefled  in 
the  following  words  of  a  critical  author  of  great  learning  — 
In  mundo  ratione  nulla  effe  potefl  vacuum  —  etemm  nif  next- 
bus  mutuis  colligaretur  univerfitaSy  nec  mundum  natura  con- 
Mneret  nec  regerety  nec  partium  invicem  ulla  foret  focietas  -fd* ** . 

*  Cic,  de  Nat.  Dear.  lib.  2. 

Diog.  Laert,  Zeno. 

t  See  Menetrii  Symbol.  Dian.  Ephef.  p.  lO, 

**  T»)»  h  'nii  (  t£A£7»»  )  in  itii  sfAstoixinv  Dkd.  SU.  ubi  fupra. 

-Jt  Rho  digin.  lib.  i.  c.  7. 

The 
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The  golden  chain^  let  down  from  heaven  to  earth  by  yuplter^ 
requires  the  fame  interpretation ;  .  for  Plato  hath  obferved, 
that  by  this  chain  Homer  meant  to  fpeak  of  the  fun^  jithat 
is,  of  the  power  and  influence  of  the  fun  upon  terreflrial 
things 

I F  the  fun  really  does  adl  upon  bodie's  at  a  diflance  from 
him,  it  mufi:  be  by  means  of  fuch  a  chain  of  matter.  It 
was  upon  this  conflderation,  that  V ojfms  rejeded  the  opi¬ 
nion  of  thofe  who  fuppofed  the  cether  to  be  nothing  but  a 
‘‘great  void,  in  which  ^  the  ftars  performed  their  courfes ; 
“  than  which  (as  the  fame  author  obferves)  nothing  can  be 
“  more  contrary  to  reafon.  For  it  is  neceflTary  the  heavens 
“  fhould  be  of  a  corporeal  fubftance,  that  they  may  ad 
“  upon  inferior  things ;  which  cannot  be  without  either  im- 
“  mediate  contad,  or  the  intervention  of  fome  fubftance  ex- 
“  tended  from  the  one  to  the  other.  Hence  the  fyftem  of 
“  the  world  muft  be  continuous  in  its  parts,  or  at  leaft  con- 
“  tiguous,  that  things  above  may  communicate  their  light 
“and  heat  to  things  below So  agreeable  is  this  both 
to  reafon  and  obfervation,  that  fome  writers,  who  in  all 
appearance  fat  down  with'  a  refolution  to  maintain  a  va^ 
cuum^  have  at  times  yielded  to  the  remonftrances  of  common 

^  *  » 
•  * 

Tv*  9-ei^v  uf  ovh^  V  T4I/  Afye#.  T'het^tet,  See  alfo  ^acTobim  in 

Somn.  Scip,  lib.  i.  But  Pierius  has  an  obfervation  more  to  the  purpofe  than  any  I  have 
met  with  — Juno  catena  de  coslo  ah  Jove  fujpenfa,  ^  lapides  pedibus  aUigatos  habens^  ab 
Honacro  fingitur ;  ita  ut  unum  pedem  contradlwem  habeat  aliero,  imago  quatuor  ele- 

7nentorum  Jymbolum  eji,  Juno  enim  ipfa  aerem  fignificat ;  catena  ignem,  quo  catena  coIU- 
gantur  $cc.  Pier,  hieroglyphica.'  lib.  HX. 

'  f  Multorum  ea  foret  opinio,  quod  aethera  dicimus,  nihil  aliud  efle,  qtiam  magnum^ 
inane,  per  quod  fidera  fuum  conficerent  curfum.  Quos  interea  nlmium  quantum  ratio 
fugit'.  Nam  necclTe  fuit  coelum  corporeje  efie  fubftantia:  —  ut  fidera  agere  poflent  in  in- 
feriora,  quod  fieri  non  poterat  fine  contadtu,  five  is  per  fe  forct,  &  fine  corporis  alterius 
interventu,  five  per  aliquod  fieret  intermedium.  Ut  necefle  fit,  omnia  vel  continua  efie 
vel  contigua  faltem,  quo  ftiperiora  poflint  inferioribus  impertire  lumen  ac  calorcm  fuum 
Vo(f.  de  Orig.  &  Progr,  Idol,  lib,  2.  p.  255. 
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fenfe,  and  relapfed  into  this  dodlrine  of  Vojfius^  though  in 
dired:  oppofition  to  their  own  principles.  We  had  an  in- 
flance  of  this  in  book  2.  chap.  3.  But  let  us  proceed  with 
our  enquiry. 

After  the  Academics  and  the  Stoics^  the  Peripatetics  were 
mofl:  conhderable.  Arijlotle  their  founder,  though  miftaken 
in  fome  things,  was  wife  enough  to  concur  with  the  heft 
philofophers  of  antiquity  in  diibelieving  and  rejeding  a  va¬ 
cuum,  He  attributed  to  nature  an  univerfal  abhor re?Ke  of  a 
vacuum^  and  accounted  for  many  elFeds  upon  this  principle, 
the  merit  and  meaning  of  which,  it  is  not  worth  while  to 
enlarge  upon  in  this  place.  Againft  thofe  who  infilled  on  a 
vacuum  as  necefiary  to  motion,  he  rightly  argued,  that  ‘‘a 
plenum  is  capable  of  being  lb  affeded,  as  to  confift  very 
“  well  with  the  motion  of  bodies  in  it :  for  its  parts  ,may 
yield  mutually  to  one  another,  and  give  an  eafy  paflage 
‘‘  to  bodies,  though  the  Ipace  in  which  they  move  is  full  of 
“  matter.  Of  this,  (he  tells  us)  we  have  an  inftance  in  the 
circumgyrations  of  continuous  bodies,  and  allb  of  fluids, 
“  Nor  does  it  follow  that  there  is  a  vacuum,  becaufe  Ibme 
“  malies  of  matter  may  be  comprefied  into  lefier  dimen- 
“  fions;  for  if  water  Ihould  be  forced  into  a  fmaller  Ipace, 
“  the  air  it  contains  would  be  forced  out  of  it^.”  Ariflotle 
might  have  added,  that  if  is  comprefied,  the  fire  is  forced 
out  of  it-;  the  fame  rule  being  obferved  in  all  cafes  of  this 
nature. 

I T  is  very  probable,  that  Def-Cartes  might  take  an  hint 
from  this  paflage,  to  obviate  that  imaginary  neceflity  for  a 

*  A^9<»c3J  TO  srAijgsj'  ovSt  TOTTOt  X4*'>vn*'  cCf^  '7^ 

tyJV^TWf,  tvSivoi  evl(^  tu  rx  KiiiSf/,i\>X,  Kay  tovto  xxf  rui( 

T6/)  tiyxii,  ucori^  xxf  ev  tXh  T«y  v^m.  /s  xoy  ’srvKyevS'Xf  fxn  as  to  xnty,  x^x 

tv«y^  ixTfv^lwitfiy  $cc.  Phyf.  Ijb.  4.  c.  7. 

C  c 
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vacuum,  with  which  he  was  occaGonally  preiled  by  fome 
Jearned  men  of  his  own  time.  He  fuppofes  a  number  of  folid 
Ipheres  to  be  difpofed  in  the  form  of  a  circle,  and  all  of  them 
in  conta<fl.  One  of  thefe  fphercs  cannot  be  moved  forward 
in  the  circle,  without  moving  all  the  red: ;  fo  that  the  place 
of  the  fphere  fin  ft  moved  fhall  be  indantaneoufly  fupplied 
by  that  next  behind  it  :  and  thus  the  motion  may  be  con¬ 
tinued,  though  there  is  abfolutely  no  void  interval  between 
any  of  the  fpheres  We  have  an  example  of  this,  when 
we  give  a  circular  motion  to  water  or  mercury  contained  in 
a  cylindrical  veffel :  the  parts,  though  in  motion,  will  dill 
preferve  their  connection,  and  will  occupy  iio  more  fpace 
than  when  they  were  at  red.  The  motion  we  are  now 
fpeaking  of  being  vortical^  yielded  an  illudration  mod  a~ 
greeable  to  the  phyfical  plan  of  Def -Cartes  .*  but  a  liiotion 
in  the  feveral  parts  of  a  plenum,,  is  by  no  means  limited  to 
the  form  of  a  vortex ;  for  when  a  liquor  is  fermenting.,  an 
intedine  motion  is  generated  among  its  parts  in  all  dire^ions, 
which  wall  continue  for  fome  days ;  and  if  the  liquor  is  fet 
to  ferment  in  a  tranlparent  velTel  of  glafs,  the  fight  is  very 
curious.  How  very  ill  the  continuance  of  fiich  a  motion 
agrees  with  the  vulgar  inference  from  the  theory  of  refjiancesy 
I  leave  the  mathematicians  to  confider. 

From  Ariftotle,  let  us  go  next  to  HippocrateSy^  a  man  al- 
mod  deified  for  his  knowlege  by  thofe  of  his  own  times, 
though  he  was  not  the  mader  of  any  particular  feed  of  phi- 
iofophers.  He  had  enriched  his  mind  from  the  experience 
of  earlier  times,  and  derived  a  confiderable  part  of  his  own 
fkill  from  a  diligent  dudy  of  nature.  ,His  opinion  in  general 
may  be  learnt  from  the  following  paffage  ‘‘The  element  of 


*  Du  Hamel  de  confenfu  Vet.  &  Nov.  PhiL  p.  128. 
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air  has  a  dominion  over  the  human  body,  and  is  the  prin- 
cipal  fource  of  all  things  that  happen  to  it,  whether  good 
‘‘  or  bad.  Its  power  and  influence  deferve  well  to  be  accu- 
rately  examined ;  for  wind  is  no  other  than  a  current  of 
‘‘  air,  rolling  along  in  impetuous  waves,  which  are  fo  vio- 
lent  as  to  tear  up  trees  by  the  roots,  raife  the  waters  of  the 
ocean  into  a  ftorm,  and  overwhelm  and  flnk  the  largefl: 
veflels  to  the  bottom  of  the  deep.  Such  and  fo  great  is 
the  power  it  exercifes,  though  at  the  fame  time  it  is  not 
an  objedt  of  our  fight,  but  manifeft  only  to  our  reafon. 
‘‘  What  are  the  effeds,  to  which  air  is  not  neceffary  ?  or  in 
‘‘  what  place  is  it  not  prefent  ?  All  the  fpace  between  the 
heaven  and  the  earth  is  filled  with  it.  It  is  the  caufe  both 
of  the  winter  and  the  fummer.  In  the  winter,  it  is  con- 
denied  and  cold ;  and  in  the  fummer  it  is  mild  and  ferene. 
‘‘  The  fun,  moon  and  ftars  are  direded  by  it  in  their  courfes; 
‘‘  for  air  is  the  aliment  of  fire,  and  fire  that  is  deprived  of 
it  becorpes  extind  :  fb  that  the  fun  itfelf  has  a  perpetual 
“  motion  by  means  of  a  pure  and  perennial  air.  The  fea 
‘‘  itfelf  is  impregnated  with  this  element,  becaufe  the  'inha- 
‘‘  bitants  of  the  water  cannot  fubfifl:  without  it :  in  a  word, 
“  it  fuftains  the  moon  in  its  orbit,  ferves  as  a  vehicle  ^  to  the 
‘‘earth,  and  no  place  is  void  of  it-f.” 

*  which  is  the  word  here,  being  rarely  ufed  for  any  thing  but  a  carriage  ynoving 

by  land  or  water,  for  all  the  kinds  of  which  it  is  a  general  term  ( as  fee  "^ul.  Poll.  Ono~ 
viaji.  lib.  I.  c.  9.  lib.  10.  c.  12)  fliould  imply  a  motion  in  the  earth  ;  but  I  know  not  how 
to  reconcile  this  with  what  goes  before,  concerning  the  or  courfe  of  the  ftm^ 

unlefs  we  fuppofe  Hippocrates  to  have  alluded,  not  to  the  motion  of  the  funs  body,  but 
the  emifllon  of  his  lights  to  which  the  word  hath  fometimes  been  applied.  Xhus  in 
Alitnnermus  /3<»  it  it  faid  —  aazi  t  sth  xt^rxrecf  ;  quamdiu  fuper  terram  fpargitur 
fol ;  which  muft  fignilie  the  light  of  the  fun,  as  furely  as  Homer  meant  the  light  of  the 

morning,  where  he  fays - Trxim*  iyr  xtxv.  And  Salluji^  the 

Greek  philoi'opher,  obferves  yet  more  exprefsly  —  Tav  i)A<k  tjjh  xxf  tt.i  xtt*  ntf  o-pcu- 

xxTttx  HAION  i*  De  Diis  idf  fTlUfld.  cap,  4* 

•f  Ov%i  A  [xtie)  sfjy  it  xirxn  rat  aruf/uTpix^Tut  ^vtXTrif -  xuitt  A  «t<A»  iTit  rartv. 

Hippoc.  de  flatibus.  p.  i. 
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T  H  I  s  author  having  afcribed  fo  much  to  the  air,  you 
may  fufpedt,  perhaps,  that  he  has  left  no  room  for  any 
other  phyfical  agent.  He  fpeaks,  however,  as  explicitly  in 
other  places  of  an  univerfal  fire ;  and  particularly  in  his 
book  de  dicrJa^  wherein  he  affirms,  that  this  element  “  dif- 
pofes  all  things  in  the  body  after  a  manner  proper  to  itfelf, 
“  and  according  to  the  limilitude  of  the  univerfe,'  fo  that 
“  fmall  things  are  like  to  great,  and  great  to  fmall  :  that  it 
“  is  moft  powerful,  hath  an  univerlal  dominion,  and  go- 
verns  all  things  according  to  the  order  of  nature ;  while 
“  itfelf  is  fiilent,  invifible,  imperceptible  in  its  operations,  and 
‘‘ in  perpetual  agitation 

Thus  far  we  have  followed  Hippocrates  as  a  naturalift. 
If  we  confult  him  as  a  theologift,  be  will  tell  us,  that  this 
fire  is  divine  and  intelligent,  endued  with  mind,  reafon,  and 
wifdom  -t,  and  to  be  underftood  as  the  fountain  of  thefe 
to  all  other  beings !  he  confeffes  himfelf  to  have  believed, 
that  what  is  called  heaty  is  immortal  and  omnifcient,  capa¬ 
ble  of  hearing  and  feeing,  and  acquainted  with  all  things 
both  prefent  and  to  come.  This,  he  adds,  is  what  the  an¬ 
cients  underftood  by  cether  %.  He  fpeaks  of  the  air  in  the 
fame  ftrain,.  as  endued  with  mind  and  underjiandingy  giving 
fienfie  to  the  brain  as  well  as  motion  to  the  limbs  Ik 

*  'lioTTcv  ciuf»  iuv%  m  iv  HYP,  etTFtL  rev  OAw, 

fAi}cc>iCCy  Kccf  tss&i  eTftg  tCTrxyrK 

<pv<nr  x-^o<pey  Ktxj  xuf  -  evh>(^Ti  HippOC.  de  Di<eta.  p.  1  I. 

"f  £v  rii%  voos  Ibid.  * 

J  Nuy  A  XTtopxtye^x\  ewres  ifAinvTH  yyuy.xf'  Pi  o  »(^Aeo^iy»y  x^yx%y  wxf,  xxf 

yofly  zrxyrx,  xuf  e^but  KOj  xn^vnv'  xxf  Hpiyetf  ttxvtX  m  oy^  xuf  fiiSseyrx  i<n^  •  ■  ■  -  oyefjelwotj  usi  xur^ 

Pexievnv  ci  T^xXxiei  Hippoc,  de  carnibus.  p.  i.  ' 

II  A>)| — wcTJAiy  es  t«»  iyxi(pxXey  —  ^y  xxf  TTjy  X4v>imy  roiai  {XtiXicn  TrX^i^H.  De  morbo  Ja(r«. 

p.  89.  if  re  <m^  mtPyXru^  0  xtj^,  xJ\xXi'nuy.  ty  ru  ifxifxXx  tuvrov-ryit  xxf*lw,  xxf  on  xt/  p^oftf^sv  rt 

'xxf  yftyjiku  Ibid.  p.  9.3^ 
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This  dodrine  opens  to  us  the  whole  fecret  of  the  pagan 
idolatry.  The  philofophers  of  the  heathen  world  were  well 
acquainted  with  the  influence  of  thefe  elements  over  all 
other  things ;  and  being  ignorant  of  the  true  and  living  God, 
judged  it  to  be  impoflible  that  air  and  fire  could  perform 
fuch  wonders,  unlefs  they  were  divine ;  and  therefore  wor- 
ihipped  them  univerfally,  as  immortal  and  intelligent.  This 
is  the  error,  which  PL.tOy  having  by  Ibme  means  obtained 
a  better  light,  fo  clearly  condemns,  in  that  memorable  paC- 
lage,  where  he  fpeaks  of  phyfical  caufes.  But  it  was  an  er^ 
ror  fo  deeply  rooted,  that  this  fublime  philofopher  himfelf 
was  not  altogether  free  from  it. 

Phurnutus  the  my thologifl:  confefles  plainly  enough, 
that  the  yupiter  and  yuno  of  the  Greeks  were  jire  and  air 
The  former  he  defcribes  as  the  foul  of  the  worlds  and  ima¬ 
gines  the  human  foul  to  confift  of  the  fame  fubftance.  Their 
Apollo^  in  the  utmoft  fublimity  of  its  meaning,  did 
certainly  exprefs  nothing  higher  than  the  light  of  the  fun  ; 
as  it  is  evident  from  all  the  epithets  and  attributes  afcribed 
to  this  deity  by  the  ancient  poets  and  mythologifls.  Macro- 
bins  with  a  great  compafs  of  learning,  and  as  great  an  ap¬ 
pearance  of  truth,  reduces  all  the  gods  of  .the  Gentiles  to 
the  various  effedls  and  operations  of  the  fun.  If  the  reader 
fhould  have  any  defire  to  be  farther  acquainted  with  thefe 
things,  1  would  recommend  to  his  perufal  the  treatife  of 
Phurnutus  upon  the  nature  of  the  godsy  and  a  part  in  the 

*  See  the  2^  and  3“*  chapters  of  -his  book  de  Naiura  Deorum - ignis  enim,  id  eft  Ju-^ 

piter  See.  Fulgent.  Mythol.  lib.  III.  c.  7. - Jnm  pofita  eft  in  fimilitudinem  aeris.  An- 

tiqui  enim  ipfam  J(wisj  id  eft  Ignis,  uxorem  &  fororem  dixerunt.  Jlhrkus  de  Deor^ 
imag.  cap.  XI. 

T um  Peter  omnipotens  foecundis  imbribus  iETHER. 

Conjugis  in  gremium  laetie  defeendit,  &  omnes 
Magnus  alit  magno,permiftus  eorpore-.fostus. 

Virg,  Georg.  lib.  II.  326. 
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firft  book  of  the  Satur7ialta  of  Macrobius^  from  the  begin¬ 
ning  of  the  feventeenth  to  the  end  of  the  twenty  third  chap¬ 
ter  :  from  all  of  which,  he  cannot  ealily  fail  of  imbibing 
forne  tafte  for  the  heathen  mythology ;  a  branch  of  the  an¬ 
cient  learning,  very  curious  in  itfelf,  and  not  without  its  ufe- 
fulnefs,  when  it  falls  into  proper  hands. 

A  s  the  Greeks  borrowed  both  their  learning  and  their  re- 
ligibn  frorn  the  Egyptians^  it  is  highly  probable,  that  the 
philofophy  and  theology  of  that  ancient  people  muft  have 
coincided,  even  from  the  earlieft  times,  with  thefe  placits  of 
the  Grecian  fages.  And  this  is  confirmed  by  the  moft  early 
account  we  have  of  the  Egyptians^  in  the  facred  writings. 
For  the  miracles  in  Egypt  feem  to  have  been  chiefly  calcu¬ 
lated  to  aflert  an  over-ruling  power  of  the  true  God,  and 
diftinguifh  it  from  the  above-mentioned  philofophical  objeds 
of  the  heathen  worfhip,  which  were  no  other  nor  better 
than  the  works  of  his  hands,  though  ignorantly  and  pro¬ 
fanely  dignified  with  the  exalted  attributes  of  omnifcience 
and  eternity.  The  Lord  is  faid  to  have  executed  judgments 
upon  the  gods  of  Egypt  ^ ;  which  I  cannot  but  fuppofe  to 
have  happened,  when  their  light  was  turned  into  darknefs ; 
the  wind  brought  locufts,  and  fcattered  the  afhes  of  the  fur¬ 
nace  over  the  whole  land;  the  heavens  fcnt  down  a  ftorm 
and  tempeft  upon  them,  and  fire  ran  along  upon  the  ground, 
devouring  and  laying  wafte  the  fruits  of  the  earth. 

These  elements  they  worfhipped,  not,  according  to 
‘  Plato\  excellent  diftindlion,  as  fecondary  infiruments  in  the 
hands  of  God,  but  as  the  primary  caufes  of  all  things,  and 
the  fupreme  Governors  of  the  world;  denying  and  rejecfling 
the  fupremacy  of  that  God  of  the  Hebrews^  who  created 

*  Numb,  33.  4.  See  Exod.  t8.  ii.  which  is  very  exprefs. 

the 
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the  world  in  the  beginning,  does  now  fuftain  the  powers  of 
nature,  and  will  at  laft  overthrow  what  they  vainly  believed 
to  be  immutable  and  eternal.  It  does  not  fall  in  with  my 
deiign  to  fay  any  thing  of  the  other  miracles  ;  though  they 
may  eafily  be  accounted  for  from  fome  circumftances  dn  the 
hiftory ;  whence  it  will  appear,  to  thofe  who  confider  the 
cafe  attentively,  that  this  cruel  and  oppreffive  people  were 
punijhed  by  the  very  things  wherein  they  had  offe7tded'^  as  it 
•was  obferved  long  ago  by  the  author  of  the  apocryphal  book 
entitled  the  wifdotn  of  Solo^non"^,  '''  ' 

The  philofophy  of  the  more  modern  Egyptians  is  hardly 
to  be  colledted  from  any  exprefs  teftimonies,  involved,'  as  it 
is,  under  the  obfcurity  of  emblems  and  hieroglyphics ;  which 
thofe  who  have  undertaken  to  explain,  as  Horapollo^  Pie- 
riusy  'Kircher^  -and  others,  appear  to  have  underftood  but 
very  imperfedly.  The  fafeft  way,  therefore,  is  to  colled  the 
general  intention  of  it,  from  what  the  moft  early  philofo- 
phers  of  Greece  borrowed  from  them :  the  fubftance  of  which 
we  have  feen  already. 

.*  chap,  11,  V.  6.  7.  i6»  ^  - 


CHAP. 
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CHAP.  III. 

Some  ohfervations  on  the  re?naim  of  the  Chaldaic  philofophy, 

OF  the  Chaldaic  philofophy  there  is  little  remaining, 
but  a  few  fragments  and  mutilated  paflages ;  in  which 
however  there  are  fome  valuable  hints,  from  whence  a  to¬ 
lerable  idea  of  it  may  be  colleded. 

i  N  the  oracles  of  Zoroafter  mention  is  made  of  an 
harmony  or  melody  of  the  aether,  of  the  fun,  of  the  moon,  and 
of  all  things  that  are  fur  rounded  by  AIR  -f.  Whence  it  is 
clear  enough,  that  the  ancient  Perfians  and  Chaldeans  had 
no  opinion  of  a  vacuum ;  having  thus  filled  all  fpace  with 
air^  and  what  they  called  an  all-nourijhing  ather^  to  which 
they  joined  an  intelligent  and  life-giving  fre  J. 

Some  moderns,  who  have  refined  upon  the  theology  of 
the  pagans,  and  interpreted  their  creed  fo  favourably,  as  to 
make  it  differ  but  little  from  the  chrifiian  dodrine,  have 
fuppofed.they  worfhipped  fire^  only  as  an  emblem  or  image 
of  the  deity,  as  the  romanifs  make  ufe  of  pidures  to  en¬ 
liven  their  devotion :  but  the  contrary  is  ftrongly  to  be  fuf- 
peded,  from  attributes  they  afcribe  to  it.  For  this  fire 
is  no  dead  image  of  a  fuperior  intelligence  in  the  Deity,  but 
is  aflerted  to  be  endued  with  an  intelligence  of  its  own ;  it  is 

rivp  voepov,  7a»p  (^a)>i(popoy,  Trvp  (pctivov,  7ra.7^(^ - ct*)avctT05  t6 

e<?i  —  Intelligent  fre^  life-giving  fre  —  fplen- 

*  Inferted  in  Stanley  s  lives  of  the  phllofophers,  from  Francifcus  Patricius. 

KtXicv  T6,  (nxl»uY,i  re,  kc^  6<m,  »j5g^ 

J  UMfTtT^CipeV  MjptJf - rifg. 
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did  JirBy  the  foul  of  the  father^  remaining  immortal^  and  the 
Lord  of  life  —  which  expreilions  are  too  high  to  admit  of 
any  thing  fuperior.  You  may  indeed  render  vo?pov  by  the  word 
intelleEiual^  which  will  give  a  different  fenfe ;  but  from  the 
whole  tenor  of  thefe  oracles,  fuch  a  conftrudlion  would  be 
unwarrantable. 

Ik 

I  hope  I  fhall  not  ftand  in  need  of  an  apology,  for  wan-* 
dering  thus  into  the  depths  of  the  theology  of  the  heathens, 
while  I  profefled  only  to  colledt  their  fentiments  on  natural 
philofophy.  For  it  is  confpicuous  enough,  that  philofophy  is 
here  fo  metamorphofed  into  divinity,  that  it  is  fcarce  poffible 
for  me  to  feparate  them.  With  thefe  unenlightened  idolaters, 
wife  enough  as  naturalifts,  but  miferably  blind  and  ignorant 
of  things  fpiritual,  God  and  the  world  were  but  one  and 
the  fame  thing ;  and  this  perfuafion  gave  birth  to  the  whole 
Icience  of  afrology^  for  which  the  Chaldaans  were  fo  rnucli 
famed :  fo  that  if  we  defire  to  obtain  their  judgment  on 
nature^  we  are  under  a  neceffity  of  taking  their  theological 
dodlrines  along  with  it.  I  muft  therefore  beg  leave  to  go 
on  a  little  farther  upon  the  lame  plan,  as  there  is  fomething 
in  thefe  remains  of  Zoroafer^  worthy  of  being  brought  out 
to  the  light. 

His  philofophy  included  in  it  a  kind  of  phyfical  trinity^ 
which  is  evidently  made  up  of  the  powers  of  nature,  and 
will  ferve  to  teach  us,  what  he  fuppofed  thefe  powers  of  na¬ 
ture  to  be,  even  the  fame  as  we  have  already  found  and 
eftablilhed  from  experiments;  It  was  a  principle  of  this  phi- 

lolopher,  that - ricw-Tz  ev  xo<j}x.a>  Kclixtc^a  Tt/ax,,  Ji5  Movci^  - 

a  triad  foineth  forth  throughout  the  worlds  over  which  an 
unity  prefdes.  This  monad  or  unity  muft  fignify  the  fun  j 
the  AJfyrians  ( that  is,  the  Chaldceans )  according  to  Macro- 
bius^  having  worlhipped  him  under  the  name  of  Adad^  which 

D  d  name. 
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name,  as  he  tells  us,  fignifies  one  or  unity  As  to  the 
triads  I  iTiould  defpair  of  unravelling  fo  great  a  myftery, 
had  not  another  fragment  of  the  fame  Zoroajler  preferved  its 
interpretation  — 

■  ripajTCf  gv  eT’  apct 

Hgpiof,  7^»To5  aM(^'  0^  e/  Tuy 

As  thefe  were  undoubtedly  defigned  for  hexameter  verfes,  a 
word  is  plainly  wanting  at  the  beginning  of  the  firft  line, 
which  according  to  the  fenfe,  the  meafure  of  the  verfe,  and 
the  poetic  dialeEi  here  made  ufe  of,  muft  have  been  HeAiV ;  •f' 
the  fenfe  of  the  whole  therefore  is  this  —  The  facred  courje 
of  the  fun^  or  lights  is  the  frjl  power ;  in  the  middle  there 
is  an  aerial  power ;  and  a  third  is  that^  which  cherijhes  the 
world  with  fre. 

Experience  will  teach  us,  that  natural  effe<5ls  are  im¬ 
mediately  governed  by  thefe  inftruments  of  the  divine  power ; 
and  the  ancients  appear  to  have  been  well  apprized  of  it. 
But  what  a  miferable  ufe  did  they  make  of  this  valuable 
treafure  when  they  had  got  it !  Here  they  ftopt :  this  phy- 
fical  triad,  by  a  ftrange  perverfenefs  and  abufe  of  reafon,  fur- 
nifhed  them  with  a  pretence  for  denying  that  fupreme  power, 
which  gave  birth  to  all  things,  and  is  of  a  nature  indepen¬ 
dent  and  diftindl  from  the  world  of  matter. 

O  N  the  contrary,  the  fathers  of  the  chrijlian  church, 
having  ihaken  off  the  prejudices  of  paganifm,  and  being  - 
better  informed  by  divine  revelation,  were  always  very  fe- 
verc  upon  the  Gentiles  for  difhonouring  God  by  that  vain 
philofophy,  which  fuppofed  him  to  be  coequal  and  coeval 
with'  matter,  a  foul  of  the  world,  a  tertimn  quid  made  up 

s. 

*  Saturn,  lib.  i,  c.  2j, 

t  AgoMSf  is  the  phfafe  ufed  by  Hippocrates,  fee  p.  203. 
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of  matter  and  intelligence*.  Among  the  reft,  Epiphanius^ 
a  learned  and  eloquent  writer  of  the  fourth  century^  has 
fome  remarks  in  this  way  upon  the  various  fedls  of  the  Gen¬ 
tile  philofophers  f ;  and  was  fo  happy  as  to  refcue  this  phy- 
fcal  trinity  from  the  ethnic  abufes  of  it,  and  apply  it  to  its 
proper  ufe,  as  an  emblem  and  (hadow  of  the  divine  perfo- 
nality.  Speaking  of  the  coequality  and  co-ejficiency  of  the 
facred  trinity  againft  fome  of  the  primitive  heretics,  he  fays 
—  Are  not  theje  three  perfons  to  be  under  food  by  every  one^ 
as  they  are  appofitely  revealed  to  us  by  lights  fire^  air ;  and^ 
I  thinky  by  fome  other  fmilitudes  alfo  of  viftble  things^  as  man^ 
whofe  under  funding  is  thus  minifred  unto^  is  found  worthy 
to  receive  thetn  J  f 

As  I  have  endeavoured,  upon  another  occaEon,  to  give  fome 
proof,  that  my  concern  for  this  facred  and  fundamental  doc¬ 
trine  of  our  religion  is  very  lincere,  I  could  not  help  fpeak- 
ing  of  this,  as  an  hint  to  ground  an  argument,  or  rather  an 
illufratiott  upon  from  nature :  and  am  perfuaded  it  might 
be  improved,  very  much  at  large,  to  the  entertainment  and 
fatisfad:ion.  of  thofe,  who  can  take  delight  in  fo  fublime  and 
deferving  a  fubjedl.  But  as  I  do  not  admire  digreffions,  I 
muft  content  myfelf  at  prefent  with  only  propofing  it,  as 
an  article  both  ancient  and  curious ;  and  leave  a  more  par¬ 
ticular  profecution  of  it,  either  to  another  hand,  or  at  leafl: 
to  another  opportunity. 

*  Quid  enim  aliud  eft  natura^  quam  DEUS,  &  dlvina  ratio  toti  mundo  &  partibus  ejus 
inferta  ?  Seneca  de  Benef.  lib.  4. 

f  Epiphan.  Op.  vol.  I.  p.  12.  edit.  Colon. 

X  OvKlff  TcufTX  eyrx  -  -  x^iai?  yoUfAivX,  i^%)f  ixvrx  XTorr^XvTrlet  (peJi,  IJv^, 

KXf  xyj^Mi  oif^xf  o^nuy  r^%>s  x^i^  c  xi/Jpuyrf^.  Id.  vo!.  I.  p.  891. 
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C  H  A  P.  IV. 

So?ne  extraEis  from  two  authors  among  the  Latins,  Pliny  and 
Seneca :  with  fome  reflexions  on  the  Democritic  fyfl^tn, 

Among  the  Latins^  there  are  fome  pieces  ftill  ex¬ 
tant,  which  treat  profefledly  of  nature;  as  the  natu¬ 
ral  hiflory  of  Pliny ^  and  the  natural  queftions  of  Seneca ;  the 
latter  of  which  is  the  moft  compleat  work  of  the  kind,  that 
is  come  down  to  us  from  antiquity. 

Pliny  was  certainly  no  friend  to  a  vacuum ;  he  rather 
chofe  to  follow  the  judgment  of  earlier  times,  and  under- 
ftood  the  heaven  and  the  air  as  two  names  for  one  and  the 
fame  thing  And  left  we  fhould  miftake  his  meaning,  he 
fubj  oins,  that  every  fpace  which  looks  like  a  vacuum^  is  in  fadl 
a  promptuary  of  this  element.  The  earth  and  the  planets 
float  in  it,  and  are  fupported  by  the  ftrength  of  it :  it  pafles 
through  all  things,  and  makes  a  part  in  the  compofition  of 
all  bodies 

i  He  relates  it  as  the  opinion  of  Pofldonius^  the  mathema¬ 
tical  preceptor  of  Cicero^  that  the  region  of  the  winds,  clouds, 
and  vapours;  is  extended  to  about  40  fiadia  above  the  level 
of  the  earth’s  furface ;  and  that  thenceforward,  throughout 
the  higher  regions,  there  is  a  pure  and  liquid  air^  with  an 
undiflurbed  light  J.  It  is  worth  remarking,  that  this  ancient 

t 

*  Ccelum  appellavere  majores,  quod  alio  nomine  aera :  omne  quod  inani  fimile  vitalem 
hunc  fpiritum  fundit.  Plin.  Nat.  Hift.  lib.  2.  c.  38. 
f  Ibid.  c.  5.  &  6. 

j  Pojidonius  non  minus  quadraginta  ftadiorum  a  terra  altitudinem  efle,  in  qua  nubila  ac 
venti  nubefque  proveniant.  Inde  purum  liquidumque  &  imperturbatae  lucis  aerem.  Ibid. 
c.  23. 
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geometer  hath  fixed  upon  the  altitude  of  40  ftadia  (which 
make  nearly  5  Italian  miles )  for  the  extent  of  the  atmofphere  \ 
this  being  the  very  quantity  that  comes  out,  if  equal  fpaces 
in  the  atmofpherical  column  fhould  correfpond  to  equal  parts 
in  the  column  of  the  barometer :  whence  it  feems  not  im¬ 
probable,  that  he  was  pofleiTed  of  fome  experiment  for  dif- 
covering  a  counterpoife  to  the  prelTure  of  the  atmofphere, 
though  his  inference  from  it  was  not  fo  correct  as  it  ought 
to  have  been. 

I  N  regard  to  Jire^  Plmy  afTures  us,  it  had  never  been 
doubted,  fo  far  as  he  was  able  to  find,  that  the  elements  are 
four  in  number,  and  that  fire  is  one  of  them  This  fluid 
is  prefent  in  the  human  body,  in  wood,  in  ftone,  and  even 
in  water  itfelf.  Nature  is  fo  replenifhed  with  it,  from  the 
immenfe  fire  of  the  fun  and  ftars,  clouds,  burning  moun¬ 
tains  and  fiery  exhalations  from  the  earth,  that  it  ought  to 
be  efteemed  as  the  greatefl:  of  miracles,  that  a  Angle  day 
fhould  pafs  without  a  general  conflagration  of  the  uni- 
verfe  * **1*. 

Another  phyfical  writer  among  the  Romans^  is  Seneca  \ 
who  aflerts  pofitively  enough,  that  there  is  no  fuch  thing  as 
a  vacuum  in  nature  J :  that  a  medium  mufl:  be  concealed 
within  the  mofl:  folid  bodies,  becaufe  found  would  not  other- 
wife  be  tranfmitted  through  them^  as  it  certainly  is  Some 
philofophers  would  be  objedling,  that  a  bird  could  not  fly 
through  the  air,  unlefs  there  were  a  vacuum  between  its  par- 

*  Ibid.  c.  5. 

t  Excedit  profetlo  omnia  miracula^  ullum  diem  fuijje,  quo  non  cuntta  conjlagrarent,  Ibid^ 
c.  107.  fee  the  whole  chapter. 

X  Nihil  enim  ufquam  inane  eft.  Nat,  Quaeft.  1.  3.  c.  16. 

**  Vox  autem  qua  ratione  per  parietum  munimenta  tranfmittitur,  nifi  quod  folido  quo- 
que  aer  ineft.  Ibid.  1.  2.  c.  9.  This  is  one  of  Du  HameCs  arguments  for  a  fubtil  athery 
in  favour  of  Da-Cartes  j  and  more,  I  believe,  might  be  faid  upon  it,  than  he  was  aware 
of. 
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ticks.  Seneca  affirms  on  the  other  hand,  that  the  leveral 
parts  in  a  line  of  matter  cannot  poffibly  affedl  one  another 
without  continuity  %  a  pofition,  which  excludes  the  whole 
fyftem  of  immaterial  attradlions  and  repullions :  and  that 
the  continuity  of  water  is  no  hindrance  to  a  free  motion  of 
folid  bodies  in  it ;  becaufe  it  is  the  nature  of  fluids  to  yield, 
and  flow  backwards  with  a  contrary  motio7i  into  the  fpace  de- 
ferted  by  the  moving  body.  Upon  which  conflderation,  there 
is  no  neceffity  for  an  mterfperjed  vacuum  f*. 

Of  the  air^  and  its  influence  as  a  phyflcal  caufe,  he  fpeaks 
nearly  in  as  high  a  ftrain  as  Hippocrates  himfelf.  He  goes 
fo  far,  as  to  impute  the  cohejion  of  our  bodies  to  it,  and  there¬ 
fore  mufl:  undoubtedly  have  been  acquainted  with  the  pref- 
fure  of  the  atmofphere,  of  which  the  ancients  are  fuppofed 
to  have  been  altogether  ignorant  J.  Where  the  atmofphere 
ends,  it  was  his  opinion,  that  a  purer  cether  begins,  and  is 
extended  from  thence  to  the  fun  and  flars  ||.  And  lafUy,  he 
held,  that  what  is  called  fire  occupies  the  whole  world  •f't'. 

W  E  fee  then,  what  hath  been  the  general  fenfe  and  doc-: 
trine  of  the  ancient  philofophers,  concerning  the  operations 
of  nature.  When  I  had  determined  to  confult  their  judg¬ 
ment  upon  this  important  fubjed,  I  perceived  it  was  necef- 
fary  to  confine  myfelf  to  thefe  few  leading  queftions  — 
Whether  they  had  fiound  the  world  to  be  full  or  empty  ofi  mat¬ 
ter  f  What  offices  they  ajftgned  to  the  different  elements,  of 

*  Nunquam  enim  context!,  nifi  per  unitatcm^  corporis  nifus  eft;  cum  partes  confentire 
ad  intentionem  debent,  &  conferre  vires.  Lib.  2.  c.  6. 

t  Aquarum  quoque  fimilis  facilitas  eft :  nec  de  imitate  illarum  dubium  eft,  quae  fic 

corpora  accipiunt,  ut  femper  in  contrarinm  acceptis  refiuant - Nihil  autem  opus  erit  inani 

adrnijio.  Lib.  2,  c.  7. 

J  EfTe  autem  unitatem  in  aere,  vel  ex  hoc  intelligi  poteft,  quod  corpora  nojira  inter  fe 
cohcereant.  Quid  enim  aliud  eft  quod  tenet  ea,  quam  fpiritus  ?  Ibid.  c.  6. 

11  Lib.  2.  c.  14.  lib.  I.  c.  2. 

tt  Dicimus  autem  ignem  efle,  qui  occupet  mundum.  Lib.  3.  c,  13. 
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which  the  material  world  conf^fls  P  And,  to  what  caufes  in 
Jpecial^  they  thought  Jit  to  ajcribe  the  immediate  produBion  of 
natural  cfFedls  ?  Had  I  not  thus  prefcribed  to  myfelf  fome 
certain  limits,  my  enquiry  had  been  both  endlefs  and  un- 
meaning ;  and  the  defign  of  the  prefent  work  being  fuch, 
as  to  include  only  the  caufes  of  motmt^  or  firji  principles  of 
natural  philofophy,  it  would  have  been  impertinent  to  have 
followed  the  ancients  farther  than  I  have  done.  The  main 
fubftance  of  what  I  have  extracted  from  them,  agrees  fo 
well  with  what  we  had  obtained  before,  by  an  examination 
of  nature  itfelf,  that  the  conclufon^  at  the  end  of  the  pre¬ 
ceding  book,  will  never  be  fufpedled  of  novelty^  by  thofe 
who  have  had  patience  enough  to  follow  me  through  the  fe- 
veral  articles  of  this  colledlion  ;  and  fome,  perhaps,  may  be 
led  by  this  courfe  to  entertain  a  better  opinion  of  its  truth. 

But  it  now  behoves  me  to  confefs,  that  the  ancients  have 
been  applied  to  for  their  fuffrage  in  behalf  of  fome  princi¬ 
ples,  widely  different  from  thofe,  for  which  I  have  here  been 
pleading.  Dr.  Clarke^  in  his  fecond  reply  to  Mr.  LiCihnitz^ 
thought  proper  to  infert  the  following  obfervation  —  ‘‘  Many 
“  ancient  Greeks ^  who  had  their  philofophy  from  the  Phce- 
nicians^  and  whofe  philofophy  was  corrupted  by  Epicurus^ 
“  held  in  general  matter  and  vacuum ;  but  they  knew  not 
“  how  to  apply  thofe  principles  by  mathematics  to  the  expli- 
“  cation  of  the  phosnofnena  of  nature P  Who  could  thefe 
Greeks  be  ?  Neither  Pythagoras^  nor  Plato^  nor  Ocellus  Eu- 
canus.^  nor  Thales^  nor  Zeno^  nor  Arijlotle^  whofe  names 
were  moft  ancient  and  famous  in  natural  philofophy,  are 
found  to  have  acknowleged  thefe  principles.  But  he  that  is 
aware  of  Dr.  Clai'ke\  manner  of  reprefenting  things,  will 
not  be  furprized,  when  he  difcovers,  that  thefe  many  ancient 
Greeks  were  the  Democritic  atheifts ;  who  by  the  help  of  an 

internal 
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internal  power  or  gravitating  force  in  atofns^  and  a  vacuum 
wherein  thefe  atoms  might  have  room  enough  to  move  with¬ 
out  being  relifted,  had  dextroufly  contrived  to  account,  as 
well  for  the  formation  as  the  prefervation  of  the  world,  with¬ 
out  a  divine  providence.  If  the  cleareft  teftimonies  are  of 
any  weight,  the*  brains  of  Leucippus  and  Democritus  were 
firft  delivered  of  this  philofophy.  Such  as  it  is,  you  have  a 
copious  account  of  it  in  Laertius's  life  of  Epicurus^  and 
in  the  poem  of .  Lucretius ;  who,  in  defence  of  his  vacuumy 
wifely  argues  againft  a  fa&y  becaufe  he  could  not  underftand 
•  how  that  fjould  be,  which  really  is  This  fyftem  included 
fome  fubtil  fpeculations,  concerning  the  fizes  and  figures  of 
the  firft  principles  of  bodies,  and  the  appearances  that  may 
arife  from  them,  which  are  not  without  their  ufe :  and 
hence  the  followers  of  it  had  the  denomination  of  Atomifls^ 
or  Corpufcularians,  This  branch  of  their  fcheme  was  pro¬ 
bably  very  ancient  and  of  good  authority,  and  has,  I  believe, 
been  cultivated  more  or  lefs  by  the  philofophers  of  every  age. 
It  was  revived  in  a  particular  manner  in  the  laft  century ; 
and  Mr.  Boyky  to  whom  we  are  fo  greatly  indebted,  was 
very  fond  of  folving  effedls  from  fome  certain  configurations 
'  of  the  primitive  particles  of  bodies.  But  how  effedls  can 
arife,  merely  from  a  configuration  of  the  parts  of  matter,  I 
fee  not ;  and  it  feems  as  unreafonable  to  form  a  folution 
wholly  and  altogether  upon  fuch  a  fpeculation,  as  to  deduce 
the  demolition  of  a  fort  from  the  fpherical  figure  of  a  can¬ 
non-bullet  ;  which  indeed  is  of  a  form,  fitted  for  its  flight 
through  the  air,  as  it  comprehends  moft  weight  under  the 
leaft  furface;  and  of  a  fize  beft  adapted  to  the  cylindrical 
cavity  of  the  gun :  but  muft  remain  inadlive  within  it,  till 

,  *  Lucret.  lib.  i.  1.  371.  Illud  in  his  rebus,  Stc. 
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it  receives  motion  from  a  proper  agent,  the  conEderation  of 
which  is  infinitely  more  important  than  the  figure  of  the 
bullet,  though  that  alfo  is  by  no  means  to  be  negledled. 

Thus  far  Democritic  method  of  philofophizing  might 
be  both  ancient  and  innocent ;  but  this,  I  prefume,  was  not 
the  part  upon  which  Dr.  Clarle  fet  a  value,  as  he  did  not 
think  it  worth  mentioning  ;  nor  could  it  indeed  be  of  any 
fervice  to  the  argument  he  was  upon.  It  recommended  it- 
felf  to  his  attention,  by  its  dodrines  of  a  vacuum^  and  an 
inherent  quality  of  motion  in  the  parts  of  matter ;  by  which 
it  differed  from  the  beft  and  moft  univerfal  philofophy  of 
antiquity,  and  was  diftinguiflied  as  a  foundation  for  atheifm. 

The  derivation  of  its  pedigree  from  Pheenkia  is  alto¬ 
gether  groundlefs,  and  is  fufficiently  refuted  in  what  we 
have  feen  already ;  as  alfo  by  what  is  affirmed  of  Thales^ 
the  firjl  among  the  Greeks  who  travelled  into  that  country 
in  fearch  of  natural  philofophy,  and  maintained,  that  there 
is  no  fuch  thing  as  a  vacuum  in  the  world.  Plutarchy  who 
informs  us  of  this,  adds  upon  the  occafion,  that  all  philofo- 
phersy  but  the  Atoijiifts,  who  denied  a  providencey  agreed  in 
this  doEirine 


*  De  flacit,  phtlof,  i.  i8. 
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CHAP.  V. 

,  "The  fentiments  of  the  mof  eminent  of  the  modern  writers 
fuh joined  to  thofe  of  the  ancients. 

SINCE  the  fuppofed  difcovery  of  a  vacuum,  fome  have 
confidently  affirmed,  that  natural  effects  are  no  way  to 
be  accounted  for,  but  by  the  power  of  the  Deity  immedi¬ 
ately  interefted :  and  either  the  reafon  of  man,  or  the  reai- 
fon  of  things,  is  fo  altered,  that  what  did  ferve  formerly  as 
a  ground-work  to  atheifm,  is  now  recommended  as  the  only 
fure  foundation  of  natural  religion  \  as  if  it  were  impoflible 
for  God  to  adl  by  fecondary  caufes,  without  tempting  us  to 
believe,  that  fuch  caufes  were  able  to  contrive  and  frame  a 
world  without  his  interpofition.  Thofe  who  objedl  to  fe- 
cond  caufes,  upon  any  pretenfions  to  religious  motives,  muff: 
imagine  furely,  that  matter,  if  there  is  but  enough  of  it, 
can  move,  ad:,  and  think,  by  its  own  nature. .  If  it  cannot, 
we  are  in  no  danger  of  excluding  a  divine  power,  by  filling 
the  heavens  with  a  fluid  medium :  if  wc  fufped  that  it  can, 
then  wc  make  ourfelves  materialifts,  that  is  athcifts,  in  or¬ 
der  to  confute  atheifm  more  effedually.  So  that  this  triumph 
of  natural  religion  over  atheifm,  is  either  affeded,  to  ferve 
fome  hypothefsy  or  grounded  upon  too  hafty  a  judgment  of 
things. 

An  infallible  criterion  of  Ample  and  abfolute  atheifm,  is 
the  exclufion  of  final  caufes.  If  you  can  fix  upon  two  or 
three  of  thefe,  which  are  clear  and  beyond  dilpute,  as  that 
the  eye  does  not  fee  hy  accident^  but  was  contrived  for  feeing^ 

and 


ON  THE  SYSTEM  OF  NATURE.  219 

and  fuch  like,  you  anfwer  all  the  atheifts  that  ever  were  or 
ever  will  be ;  who  are  no  better  than  fots  and  ideots,  if  they 
can  ftand  out  againft  the  teftimony  of  their  own  fenfes. 
For  you  prove,  by  a  Engle  ftep  of  reafoning,  that  there  is  a 
divine  mind  or  wifdom,  that  hath  wrought  with  a  view  to 
certain  ends^  which  it  hath  attained  in  the  moft  perfed:  man¬ 
ner.  This  topic  is  well  purfued  by  Cicero^  in  a  beautiful 
and  m after ly  draught  of  the  wifdom  and  defign  that  appears 
in  the  various  works  of  the  creation.  It  makes  a  confider- 
able  part  of  his  fecond  book  de  naturd  deorum  :  and  in  my 
opinion,  this  difcourfe,  fo  far  as  it  is  a  confutation  of  atheifm^ 
is  abundantly  fufEcient  for  that  purpofe,  and  compleat  e- 
nough  in  its  argument,  without  any  farther  additions. 

But  all  this,  though  unexceptionable  and  unanfwerable,' 
is  obvious  (as  it  ought  to  be)  to  every  capacity ;  it  is  plain, 
eafy,-  and  old-fafhioned :  therefore  all  men  are  not  pleafed 
with  it.  If  you  will  follow  their  new  prefcription,  you  mu  ft 
bring  yourfelf,  in  the  firft  place,  to  believe  a  vacuum ;  the 
fteps  to  which  are  not  underftood  by  one  in  a  thoufand  : 
then  you  are  to  remove  the  notion  of  aEiio  in  dijlansy  which 
in  the  laft  age  had  fome  great  authorities  on  its  Ede  :  then 
you  arrive  at  this  concluEon,  though  not  without  a  conEder- 
able  ftride,  that  God  himfelf  is  the  foie  agent,  to  whofe  im¬ 
mediate  power,  excluEve  of  all  fecondary  agents,  the  loweft 
effeds  in  the  world  are  to  be  imputed.  And  if  thefe  things 
are  fo,  then  it  follows,  that  there  is  a  God,  and  you  triumph 
over  atheifm.  But  in  the  mean  time,  if  your  foundations 
ftiould  be  weak,  and  experiment  Eiould  overthrow  your  ar¬ 
guments  for  a  vacuum  ;  the  capital*  truth  of  natural  religion, 
as  you  have  contrived  to  ftate  the  matter,  will  be  in  a  very 
precarious  Etuation.  No  good,  therefore,  can  accrue  to  re¬ 
ligion,  from  this  method  of  confuting  atheiffn  \  and  fome 

E  e  2  danger 
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danger  is  always  to  be  apprehended  from  new  and  empirical 
projedbs  in  divinity.  ' 

O  F  this  the  excellent  Lord  Bacon  was  truly  fenfible :  and 
there  is  not,  in  the  whole  courfe  of  his  writings,  fo  heavy  a  cen- 
fure,  as  that  which  he  thought  proper  to  pafs  upon  the  er¬ 
ror  now  before  us.  ‘‘  Certain  it  is,  (fays  he)  that  God  work- 
“  eth  nothing  in  NATURE  but  by  SECOND  CAUSES  : 
“  and  if  they  would  have  it  other  wife  believed,  it  is  mere 
“  impojiure^  as  it  were  in  favour  towards  God ;  and  nothing 
“  elfe  but  to  offer  to  the  author  of  truth,  the  unclean  fa- 
“  crifice  of  a  lie 

I T  is  obferved  by  the  fame  author,  with  that  brightnefs 
of  expreffion,  fo  familiar  to  him  upon  all  occafions,  that 
“  heat  and  cold  are  nature’s  two  hands ^  whereby  fhe  chiefly 
“  worketh  -f-*”  The  nature  of  cold  in  particular,  he  propofes 
as  a  thing  worthy  the  inquifition  ‘‘  both  for  ufe,  and  difclo- 
‘‘  fure  of  CAUSES  J.”  And  he  does  not  feem  to  have  be¬ 
lieved,  that  cold  is  a  mere  privation  of  fubftance ;  but  ra¬ 
ther,  that  it  is  “  acflive,  and  tranfltive  into  bodies  adjacent,  as 
*  “well  as  heat*^.”  Gilbert^  the  magnetic  philofopher,  hav¬ 
ing  poflefled  himfelf,  as  he  thought,  of  an  attraSlio  in  diftans^ 
had  publifhed  the  dodtrine  of  an  abfolute  vacuum  in  the 
fpaces  between  the  celeftial  orbs.  The  Lord  Bacon^  on  the 
other  hand,  had  formed  to  himfelf  “  a  theory,  according  to 
“  which,  all  fpace  is  filled  either  with  an  aerial  or  fiery 
“  nature  He  denied  alfo,  “  that  the  pores  or  cavities 

“  of  tangible  bodies  admit  of  a  vacuum  \  but  that  they 


*  Adv.  of  Learn,  p.  5. 

+  Nat.  Hiji.  Cent.  1.  N°.  69. 
t  Ibid. 

**  Ibid. 

tt  Theoria  noftra  negat  vacuum  illud  coacervatum  Gilberti  inter  globes  fparfos,  fed 
fpatia  vel  dered  vel  flammed  natura  repleri.  Thema  Coeli. 
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‘‘  contain  either  air^  or  a  fubtil  fpirit  proper  to  their  nature 
and  difpofition  Of  this  fpirit  he  treats,  as  of  a  material 
caufe ;  rejecting  all  thofe  pretended  folutions,  as  unmeaning 
and  unphilofophical,  which  are  deduced  from  virtues  or 
qualities  in  matter,  and  with  which  the  fchools  in  his  time 
did  very  much  abound.  “  Whatfoever  is  invilible  (fays  he) 
‘‘  either  in  refpedt  of  the  finenefs  of  the  body  itfelf,  or  the 
“  fmallnefs  of  the  parts,  is  but  little  enquired.  And  yet 
‘‘ thefe  be  the  things  that  GOVERN  NATURE  princi- 
‘‘  pally  ;  and  without  which,  you  cannot  make  any  true 
“  analyjis  and  indication  of  the  proceedings  of  nature.  The 
“  fpirits  or  pneumatic  ah  ^  that  are  m  all  tangible  bodies,  are 
‘‘  fcarce  known.  Sometimes  they  take  them  for  vacuum  ; 
‘‘  whereas  they  are  the  moft  active  of  bodies.  Sometimes 
“  they  take  them  for  air ;  from  which  they  differ  as  much 
as  wine  from  water.  Sometimes  they  will  have  them  to 
“  be  natural  heat ;  whereas  feme  of  them  are  cold.  And 
“  fometimes  they  will  have  them  to  be  the  virtues  and  qua- 
“  lities  of  the  tangible  parts  which  they  fee ;  whereas  they 
‘‘  are  things  by  themfelves.  And  when  they  come  to  plants 
“  and  living  creatures,  they  call  them  fouls.  And  fuch  fu- 
perficial  fpeculations  they  have ;  like  profpedives,  that 
fhew  things  inward^  when  they  are  but  paintings.  Nei- 
ther  is  this  a  queftion  of  words^  but  infinitely  material  in 
nature,  —  As  to  the  motions  corporal,  within  the  enclo- 
“  fures  of  bodies,  whereby  tfie  effe&s  pafs  between  the  fpirit s 
‘‘  and  the  tangible  parts^  which  are  arefadion,  colliqua- 
tion,  concod:ion,  maturation  &c.  they  are  not  at  all  hand- 
led.  But  they  are  put  off  by  the  names  of  virtues,  and 

*  Nullum  corpus,  nobis  notum  hie  in  fuperiore  parte  terrae,  fpiritu  vacat - Neque 

cnim  cava  rerum  tangibilium  vacuum  recipiunti  fed  aut  aerem,  aut’fpiritum  rei  proprium. 
H't/i.  Fit.  &  Mart.  Can.  2. 


natures. 
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natures,  and  adlions,  and  paflions,  and  fuch  other  logical 
‘‘  words.  —  It  is  certain,  that  of  all  powers  in  nature,  heat 
“  is  the  chief ;  both  in  the  frame  of  nature^  and  the  works 
‘‘  of  art 

That  M.v,  Boyle  was  nearly  of  the  fame  opinion  with  his 
great  predecefibr,  and  always  fearching  for  an  explanation 
of  effedls  from  fecond  caufes]  muft  needs  be  known  to  thofe 
who  have -looked  into  his  philofophical  works,  and  in  par¬ 
ticular  his  hijlory  of  firmnefsy  where  he  attempts  to  derive  even 
the  cohefion  of  folids  from  the  preffure  of  the  atmolphere. 
For  although  he  was  unfuccefsful  in  this,  it  ferves  to  teach 
us,  what  his  general  perfualion  was :  and  the  induftry  of 
man,  ftill  working  upon  the  fame  ground  of  fecond  caufes, 
may  in  due  time  be  productive  of  fome  better  fruit. 

D  R.  Cudworthy  author  of  the  intelleEiual  fyjiemy  is  one 
of  thofe  many  writers,  who  have  condemned  that  polition, 
whereby  God  himfelf  is  made  to  be  the  foie  agent  in  na¬ 
ture,  as  improbable  in  itfelf,  and  unworthy  of  the  Deity. 
As  his  arguments  appear  to  me  to  be  worthy  of  corifidera- 
tion,  I  fhall  here  adopt,  and  fupport  the,m  with  fome  far¬ 
ther  obfervations  of  my  own.  Firft  then,  this  polition  throws 
down  all  diJlinEiion  between  God  and  nature y  and  turns  every 
ordinary  effeCl  into  a  miracle.  Then  again,  it  is  not  confif- 
tent  with  that  fow  and  gradual  procefs  m  the  generation  of 
thingSy  which  fhews  the  agent  not  to  be  omnipotent,  A  plant 
will  advance  in  its  growth,  eitRer  more  or  lefs,  as  the  feafon 
happens  to  favour  it :  and  if  the  heat  and  the  air  be  with¬ 
drawn  from  it,  it  will  not  grow  at  all.  Is  it  credible,  that 
the  divine  power  fhould  be  baffled  and  overcome  by  thefe, 
or  any  other  difficulties  ?  Yet  this,  impious  as  it  may  found. 


*  Nat.  Hiji.  Cent.  I.  N®.  98.  99. 
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Teems  to  be  the  neceflary  confequence  of  fuppofing  that 
power  to  ad:  in  fuch  a  manner,  as  to  fuperfede  the  ufe  of  all 
natural  inftruments. 

The  falfehood  of  this  pofition  is  farther  evident,  from 
thofe  errors  and  accidents^  whereby  the  formation  of  things 
is  frequently  interrupted.  Thefe  argue  the  agent  not  to  be 
irrefijlible  \  and  that  nature  is  fuch  a  things  as  is  not  alto¬ 
gether  incapable  of  being  fometimes  fruftrated  and  difappoint- 
ed^  by  the  indifpoftion  of  matter  It  is  a  common  obler- 
vation,  that  branches  of  trees,  particularly  of  the  afh,*  will 
grow  out  of  their  legitimate  fhape,  and  become  flat  or  fa- 
Iciated.  The  ingenious  Mr.  Hogarth  has  introduced  the  fi¬ 
gure  of  a  curious  fpecimen  of  this  fort  into  his  analyfis  of 
beauty  \  where  even  the '  aberration  of  natural  caufes  from 
their  proper  fcope,  appears  to  be  prod u drive  of  the  grcateft 
elegance,  but  without  utility.  The  like  will  fometimes  hap¬ 
pen  to  a  ftalk  of  afparagus^  if  the  foil  is  too  ftubborn,  or  a 
ftone  lying  in  the  way,  chances  to  divert  the  growth  of  it. 
And  many  other  inftances  muft  occur  to  thofe,  who  employ 
themfelves  in  infpeding  the  operations  of  nature. 

It  is  furprizing  to  fee,  what  varieties  of  figure,  ftrudure, 
and  colour,  are  made  to  arife  in  vegetables,  merely  through 
fome  change,  either  in  the  efficient  caufes  of  vegetation,  or 
the  nature  and  difpofition  of  the  materials  they  have  to  work 
upon.  Two  wild  plants  of  the  fame  fpecies  fhall  be  found  with 
leaves  of  very  different  figures,  only  by  growing  many  miles 
afunder,  where  there  is  fome  difference  in  the  air  and  in  the 
foil.  And  there  are  plants,  which  cannot  be  kept  alive  but 
in  their  native  air,  how  inclement  foever  it  be ;  of  which 
we  have  one  example  in  that  large  yellow  violet^  fo  common 

Intelktfual  Book  I.  cap.  3.  4  &c. 
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upon  the  higheft  and  moft  wefterly  mountains  of  Derby-- 
Poire. 

Those  who  follow  the  method  of  Linnceus^  and  diftin- 
guifh  herbs  into  clafl'es  from  the  various  charaders  in  their 
organs  of  generation,  muft  have  had  many  opportunities  of 
obferving  fome  confufion  in  the  number  of  their  Pamina ; 
fo  that  it  is  fometimes  difficult  for  thofe,  who  are  novices  in 
the  art,  to  determine  to  which  of  his  dalles  a  plant  ought 
to  be  referred. 

B.y  the  arts  of  cultivation,  common  among  gardeners,  the 
beauty  of  a  plant  may  be  greatly  increafed  at  the  expence  of 
its  fruBification  :  for  the  doubling  of  the  flower  obliterates 
the  rudiments  of  the  feed-veflel,  and  defeats  one  end  of  its 
being,  by  rendering  the  plant  incapable  of  propagating  its 
fpecies  by  feed.  This  is  fometimes  obferved  to  happen,  even 
while  plants  are  left  to  themfelves  in  their  native  places.  To 
thefe  we  may  add  all  thofe  plants,  which  being  brought  into 
England  from  countries  nearer  to  the  fun,  are  never  com- 
•  pleat ly  formed  in  this  climate ;  being  always  barren  and  with¬ 
out  feed,  unlefs  they  are  affifted  with  hot-beds  and  ftoves : 
and  many  there  are,  which  even  with  thefe  helps,  cannot  be 
brought  to  any  degree  of  perfedion. 

The  richnefs  of  the  ground  will  very  frequently  occa- 
fion  fome  unexpeded  appearance  in  plants  that  are  moved 
into  it  from  a  barren  foil.  The  Herba  Parity  a  vegetable  of 
a  Angular  ftrudure,  (fee  plate  III.  fig.  4.)  is  always  found 
with  four  leaves^  as  it  grows  wild  in  the  woods.  And  this 
form  is  fo  general  to  the  individuals  of  the  fpecies,  that  in 
its  feveral  names,  a  particular  regard  is  always  paid  to  this 
quaternity  of  its  leaves :  Morifon  calls  it,  folano  congener  non 
ramofum  tetraphyllum,  Q.Pidcc^m^^  folanum  bacciferum  qua- 
drifolium :  and  to  thofe  who  impofed  the  name  Paris  upon 

it, 
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it,  I  imagine,  its  four  leaves  regularly  furrounding  the  ftalk, 
and  the  fingle  round  berry  at  the  top  of  it,  fuggefted  an 
idea  of  Paris  and  the  three  goddeffes^  With  the  apple  of  con¬ 
tention  in  the  midft  of  them.  Yet  this  herb  will  depart  from 
its  natural  form,  if  it  is  removed  into  the  richer  foil  of  a 
garden,  and  bear  fix  leaves,  inftead  of  four^  I  have  tried 
the  experiment,  and  have  fuch  a  fpecimen  in  my  poflef^ 
fion. 

These  things  I  thought  it  worth  the  while  to  Ipeak  of, 
as  fo  many  effedls,  which  cannot  with  any  fhew  of  reafon 
or  piety  be  afcribed  to  the  power  of  the  deity  immediately 
interefted.  It  is  therefore  moft  agreeable  to  religion,  reafon, 
and  experience,  to  conclude  with  Dr.  Cudworthy  that  there 
are  agents  or  inftruments  in  the  world,  whofe  powers  being 
only  of  a  fubordinate  kind,  may  by  certain  circumftances 
be  made  to  vary  in  their  effedls,  fo  as  to  go  fafter  or  flower, 
like  a  clock  with  different  weights  applied  to  it ;  and  to  be 
even  frujlrated  and  difappointed  in  their  operations  by  the  in- 
difpojition  of  matter.  The  wifdom  of  God  will  alfo  be  infi¬ 
nitely  magnified,  if  he  is  found  to  bring  about  thofe  things 
by  the  mechanifm  of  fecond  caufes,  to  which  philofophers 
have  determined  the  divine  power  itfelf  to  be  ablblutely  ne- 
ceifary.  And  we  may  hence  derive  the  only  rational  encou¬ 
ragement  to  a  chearful  and  diligent  ftudy  of  nature.  The 
caufes  employed  are  few  and  fimple  beyond  expreflion  : 
their  effeds  are  infinitely  various  and  wonderful ;  and  to 
thofe  who  begin  upon  a  right  foundation,  they  will  unfold 
themfelves  every  day  more  and  more  ;  nor  will  the  labour 
of  man  be  loft  in  the  purfuit,  till  he  has  acquired  as  much 
knowlege  of  this  fort  as  will  do  him  any  good  in  his  prefent 
ftate. 

Ff 
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In  the  judgment  of  that  eminent  experimentalifi:  Dv.  Boer^ 
haave^  ‘‘  fo  great  is  the  power,  fo  extenfive  the  adion,  and  fo 
“  wonderful  the  manner  wherein  fire  ads ;  that  it  was  anci- 
“  ently  held  and  adored  as  the  fupreme  God,  by  a  nation  re- 
‘‘  puted  the  wifeft  of  all  others.  Thus  fome  of  the  chemifts^ 
“  having  found  its  extraordinary  force,  took  it  for  an  uncreated 
being ;  and  many  of  the  moft  eminent  among  them,  attribu- 
“  ting  all  the  knowlege  they  had  acquired  to  this  INSTRU- 
“  MENT,  called  themfelves  philofophers  of  fire  ;  as  think- 
ing  they  could  not  be  dignified  by  an  higher  title.  There 
‘‘  is  however  nothing  more  wonderful  in  the  nature  of  fire, 
“  than  that  while  it  is  the  chief  CAUSE  and  PRINCIPLE. 
“  of  almoft  all  the  effeds  cognizable  by  our  fenfes,  yet  it- 
“  felf  is  imperceptible  by  any  fenfe ;  being  fo  incomprehen- 
‘‘ fible,  by  reafon  of  its  extreme  minutenefs,  that  it  eludes 
our  nicefl:  refeareh ;  fo  that  with  many,  it  paffes  for  a 
“  fpirit  rather  than  a  body  That  the  world  fhould  be  fo 
full  of  this  fluid,  and  we  fhould  be  fo  little  fenfible  of  it,  is^ 
indeed  very  aftonifhing.  But  the  wonder  wholly  ceafes  with 
thole,  who  argue,  upon  this  account,  that  there  is  no  fuch 
thing  :  that  if  there  were  a  plenum  of  fubtil  aether  round 
about  us,  we  ought  to  move  with  as  much  trouble,  as  if  we 
were  wading  through  an  ocean  of  mercury.  Now  if  you 
were  to  tell  an  ignorant  man,  that  if  the  greateft  diameter 
of  the  trunk  of  his  body  is  equal  to  1 5  inches,  he  is  prefled 
downwards  to  the  earth  by  a  weight  of  more  than  three 
thoufand  pounds ;  he  would  hardly  believe  you ;  but  would 
argue,  that,  in  fuch  a  cafe,  he  ought  to  be  crufhed  to 
death ;  whereas  he  moves  eafily,  and  feels  no'  impediment. 
Yet  this  is  known  to  be  unqueflionably  true,  by  thofe  who 

*  Boerhaave's  chemiftry,  by  Shaw.  Vol.  i.  p.  206. 
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underftand  the  barometer^  or  have  feen  any  experiments 

with  an  air-pump.  And  what  is  flill  more  furprizing,  there 

is  another  agent,  every  where  prefent,  a  column  of  which, 

equal  only  to  an  ordinary  needle  in'  diameter,  when  in 

motion  through  the  body,  fhall  make  you  fenfible  of  as 

great  a  force,  as  if  you  had  received  a  blow  upon  the  arms 

with  a  Hedge-hammer;  and  the  mufcles  of  the  ftrongeft 

man  in  the  world  can  do  nothing  againft  it.  How  does  it 

happen,  that  we  can  pafs  a  lingle  day  without  being  fhat- 

tered  to  pieces  ?  For  if  fo  minute  a  column  can  exert  fo 

terrible  a  force,  what  are  we  to  exped:  from  a  column  that 

has  the  whole  body  for  its  bafe  ?  The  reafon  that  we  feel 

no  harm  is  this ;  that  force  is  every  way  oppofed  to  force ; 

and  none  of  it  is  perceived,  while  the  equilibrium,  is  pre- 

ferved.  When  that  is  by  any  means  interrupted,  an  unex- 

peded  force  immediately  difeovers  itfelf.  We  fhew  but  little 

experience  of  nature,  and  as  little  gratitude  to  the  author  of 

it,  if  we  difpute  againft  the  reality  of  a  fubtil  medium,  be- 

caufe  our  lives  are  not  rendered  miferable  by  the  force  of  it. 

For  God,  with  equal  wifdom  and  goodnels,  hath  put  both 

our  bodies  and  this  matter  into  a  mechanifed  ftate,  Ib^  that 

it  fhall  do  us  all  the  good  that  is  required,  without  ftanding 

in  the  way  to  do  us  mifehief.  And  this  matter  is  what  Dr. 

Boerhaave  meant  to  fpeak  of  under  the  name  of  fire. 

The  element  of  air  is  deferibed  by  the  fame  author,  as 

an  univerfal,  neceflary,  and  moft  efficacious  infirume7Uy 

“  which  nature  is  perpetually  applying  in  almoft  all  her 

“  works  Experiments,  as  he  ingenuoufly  confefles,  often' 

led  him  to  conftder,  ‘‘whether  God  did  not  originally  create 

“  fire,  and  pure  elaftic  air,  a7id  difiribute  the7n  through  the 

“  whole  UTiiverfe  '■ 

*  Ibid:  p.  381*.  t  Ibid.  p.  420.  "  ' 
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To  thefe  authorities,  let  me  add  that  of  Dr.  Berkeley^ 
the  late  excellent  and  univerfally-learned  bifhop  of  Cloyne^ 
vvhofe  opinion  may  be  learnt  from  the  following  extract  — 
‘‘  Without  inftrumental  and  fecond  caufes,  there  could  be  no 
‘‘regular  courfe  of  nature;  and  without  a  regular  courfe, 
“  nature  could  never  be  underftood.  The  order  and  courfe 
“of  things,  and  the  experiments  we  daily  make,  fhew  there 
“  is  a  mind  that  governs  and  aduates  this  mundane  fyftem, 
“  as  the  proper  real  agent  and  caufe ;  and  that  the  inferior 
“  injlrumental  caufe  is  pure  aether,  fire,  or  the  fubftance  of 
“  light ;  than  which,  ic  doth  not  feem  neceflary  from  phoe- 
“  nomena,  to  fuppofe  any  medium  more  adive  and  fubtil, 
“  As  for  attraSiion^  it  cannot  produce,  and  in  that  lenfe  ac- 
“  count  for  the  phoenomena,  being  itfelf  one  of  the  phoeno- 
“  mena  produced,  and  to  be  accounted  for.  What  is  faid 
“  of  forces  refiding  in  bodies,  whether  attrading  or  repel- 
“  ling,  is  to  be  regarded  only  as  a  mathematical  hypothefis, 
“  and  not  as  any  thing  really  exifting  in  nature 
.  The  Abbe  le  Pluche^  whofe  ingenious  and  fpirited  wri¬ 
tings  will  give  both  pleafure  and  improvement  to  every  rea¬ 
der,  appears  by  his  produdions  to  have  laid  in  a  large  ftock 
of  experimental  knowlege,  with  a  competent  degree  of  fkill 
in  mathematical  learning.  He  has  taken  a  liberty  of  follow¬ 
ing  nature  and  obfervation,  as  a  philofopher  at  large,  not 
devoted  to  any  fed  or  fyftem  :  and  his  enquiries,  it  feems, 
have  led  him  to  this  conclufion ;  that  “  there  are  but  three 
“  known  fluids  in  nature,  which  by  their  continual  adivity 
“  are  the  principles  of  all  motion  \  and  thefe  are,  lights  firCy 
“  and  air  “f.”  How  precifely  does  this  paflage  coincide  with 

•*  Siris.  Jrt.  i6o.  154.  243.  234. 

t  SpeClacle  de  la  Nat.  Vol.  4.  Difc.  12.  p.  119.  of  the  EngUjh  tranflation. 
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the  judgment  of  antiquity  !  The  principle  that  was  main¬ 
tained  as  the  fundamental  truth  in  phyfics,  above  two  thou- 
fand  years  ago,  by  Zoroajier  and  Plato^  difcovers  itfelf  again, 
at  this  diftance  of  time,  to  a  naturalift  who  enquires  in  a 
proper  manner.  This  coincidence  would  have  happened 
oftener  than  it  has,  if  philofbphers  had  conducted  themfelves 
as  the  fcholars  of  nature,  and  not  as  its  m  afters.  For  nature 
is  the  fame  now,  as  it  was  then ;  and  experiment,  duly  con- 
fulted,  would  fpeak  the  lame  language  in  all  ages.  The  fault 
is  in  men;  who  by  affedling  to  furprize  the  world  with 
building  things  high  and  marvellous  after  a  model  of  their 
own  framing,  fall  into  confufion  and  felf-contradidion ; 
while  they  overlook  what  is  truly  valuable,  becaufe  it  is 
cheap,  and  common,  and  hath  not  an  air  of  myftery  and 
darknefs  fcientific. 

The  conclulion  of  this  celebrated  author  might,  I  think, 
be  deduced  from  premifes  very  plain  and  obvious  without 
any  alTiftance  from  Algebra^  Geometjy^  Greeks  Latin^  or  He¬ 
brew,  For  what  fcholarfhip  doth  it  require,  to  be  able  to 
diftinguifh,  that  light  gives  light  to  the  eyes  ?  that  air  is  the 
breath  of  life  ?  and  that  without  fire  or  heat  applied  in  its 
proper  degree,  the  blood  is  congealed,  and  the  limbs  are  in¬ 
flexible  ?  All  this  is  evident  to  the  moft  undifciplined  ap- 
prchenlion  :  for  a  man  is  no  fooner  born  into  the  world, 
than  he  makes  moft  of  the  experiments  requilite  for  the  ob¬ 
taining  of  this  knowlege;  and  he  may  challenge  the  moft 
fubtle  philofopher,  to  name  that  fubftance  or  fluid  in  the 
whole  univerle,  which  can  fupply  the  place  of  any  one  of 
thefe.  What  then  can  be  plainer,  than  that  thefe,  as  the 
Abbe  le  Pluche  hath  rightly  affirmed,  are  the  phylical  prin¬ 
ciples  of  all  motion  f  And  where  can  the  naturalift  employ 
his  labour  to  fo  much  advantage,  as  in  deriving  efleds  from 

thefe 
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thefe  caufes  ?  For  although  they  are  obvious  to  the  vulgar 
in  many  of  their  operations,  the  moft  able  difquilitor  might 
purfue  them  for  a  thoufand  years,  and  find  after  all,  that  he 
had  left  a  great  deal  of  matter  untouched. 

The  phoenomena  of  light  were  cultivated  with  equal  in- 
duftry  and  fagacity  by  Sir  Ifaac  Newton :  and  what  a  fcene 
does  this  fluid  furnifh  out  to  a  contemplative  mind,  by  the 
glorious  variety  of  its  colours,  the  amazing  velocity  of  its 
motion,  its  reflexions,  refradions,  and  the  inconceivable 
fubtilty  of  its  fubfliance !  After  it  had  been  examined  and 
re-examined  by  this  great  geometrician  for  many  years :  and 
after  the  fpeculum  of  Villette  had  furprized  the  world,  with 
the  effeds  of  the  folar  rays  upon  bodies  expofed  to  the  focal 
heat  of  it;  eleSirkity  broke  in  upon  us,  as  it  were  by  acci¬ 
dent  ;  began  a  new  epocha  of  philofophy,  and  difcovered 
light  to  be  a  mofl:  powerful  and  univerfal  caufe  of  motion, 
with  which  the  whole  world  is  filled;  opening  to  us  a  frefli  . 
florehoufe  of  efledis,  as  inexhauftible  as  the  fcience  of  optics. 

Many  effecfls  of  the  air  are  fo  common,  and  withal  fo. 
very  important,  as  to  be  taken  notice  of  by  every  writer  on 
natural  philofophy.  It  is  plainly  acknowleged  as  a  material 
caufe  of  motion,  by  thofe  who  imagine  they  get  rid  of  fuch 
things,  if  they  can  but  exclude  the  air  from  a  glafs  receivet. 
Many  things  curious  and  furprifing  occurred  to  Dr.  Halesy 
when  he  undertook  to  analyze  this  element ;  and  he  difco¬ 
vered,  what  others  appear  to  have  known  many  ages  before, 
that  it  makes  a  part  in  the  compofition  of  all  bodies;  which 
derive  their  activity  from  this  fubftance,  fo  artificially  com¬ 
bined  with  them  for  that  purpofe. 

W  iTH  the  wonders  that  prefe%  themfelves  to  us  in  a 
natural  hiftory  of  Jire^  any  reader  may  become  acquainted, 
by  perufing  Dr.  Boerhaave\  incomparable  difcourfe  upon 

that 
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that  fubjedl.  The  feries  of  well-chofen  experiments  there 
laid  down,  will  open  to  him  many  of  the  powers  and  ufes 
of  that  element,  both  in  nature  and  art,  and  juftify  the 
higheft  expreflions  ufed  by  that  learned  chemift  in  the  praife 
of  it. 

O  P  thefe  principles  much  is  already  known ;  more  than 
enough  to  reward  the  labour  that  is  fpent  in  fearching  after 
it.  That  much,  more  yet  remains  to  be  known,  I  am  in¬ 
duced  to  believe  upon  mahy  confiderations ;  and  upon  this 
amongft  the  reft :  that  fome  eminent  men  of  late  years, 
who  have  been  beft  qualified  to  make  difcoveries  and  im¬ 
provements,  have  been  unhappily  pre-engaged  to  fchemes 
of  another  kind ;  and  inftead  of  cultivating  the  knowlege 
of  thefe  fluids,  as  the  natural  principles  of  motion,  .which 
is  the  light  wherein  they  ought  to  be  underftood,  have  re¬ 
garded  all  material  inftruments  as  the  common  enemy,  be- 
caufe  hurtful  and  deftrudive  to  their  fyftematical  vacuum : 
and  if  'any  fuch  thing  has  difcovered  itfelf  to  them  in  their 
refearches,  it  has  either  been  ftrangled  in  the  birth,  or  re- 
prefented  as  an  underling  to  the  old  ghoftly  principles  of  at- 
tra&ion  and  repulfe\  which  have  no  meaning  in  themfelves, 
and  do  effedually  fhut  the  door  againft  all  farther  advance¬ 
ment.  If  I  wifli  that  thofe  who  are  fond  of  natural  philo- 
fophy  may  fhake  oif  thefe  prejudices,  it  is  only  with  this 
view  —  that  their  labours  in  that  delightful  ftudy,  may  be 
attended  with  more  pleafure  to  themfelves,  and  profit  to  the 
publick. 


CHAP. 
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C  H  A  P.  VI. 

The  judgment  of  the  holy  fcripture  concerning  the  fyjlem  of 
Nature, 

TH  E  mind  of  that  man,  who  conceives  fo  falfely  of 
the  divine  oracles,  as  to  believe  that  they  maintain 
any  oppolition  to  true  and  ufeful  learning,  hath  been  de¬ 
bauched  by  fbme  fophiftical  reafonings,  or  debafed  by  grove¬ 
ling  and  unworthy  purfuits.  They  arm  ns  indeed  againff 
vain  philofophy,  and  all  the  empty  lidions  of  the  human 
imagination,  which  bring  forth  neither  pleafure  nor  profit 
to  thofe  who  are  occupied  therein.  But  then  they  invite  us, 
in  the  fublimeft  ftrains,  to  confider  the  works  of  God^  whole 
counfels  and  perfections,  as  they  are  difplayed  in  the  crea¬ 
tures,  will  ever  be  beft  underftood  by  thofe  who  ftudy 
them  with  humility  and  attention.  Learning  and  philofophy 
did  never  fhine  more  bright,  than  when  they  met  together 
with  faith  and  religion  in  the  mind  of  the  excellent  Lord 
Bacon  * ;  whofe  opinion  it  was,  that  the  wonderful  works 
of  God  do  minifler  a  fingular  help  and  prefervative  againji 
unbelief  and  error.  If  there  are  any  philofophers  fo  void  of 
underftanding,  as  to  regard  the  fcience  of  nature,  only  as  a 
tower  of  ftate  for  a  proud  mind  to  raife  itfelf  upon ;  and  to 
efteem  themfelves  as  licentiates  in  incredulity,  becaufe  they 

•  If  the  reader  defires  to  have  a  tafte  of  the  Lord  Bacon's  character,  from  fome  piece, 
wherein  the  chr’ijlian  and  the  philofopher  are  united ;  I  would  recommend  his  new  atlantis ; 
a  difeourfe,  which  feems  to  have  given  the  firft  hint  for  the  eftablilhing  of  philofophical 
academies  in  Europe^  fuch  as  is  the  royal  'fociety  of  London^  &c. 


make 


ON  THE  SYSTEM  OF  NATURE.  233 

make  fome  figure  in  philofophy  ;  it  may  pofTibly  do  them 
good  to  look  back  upon  the  example  of  this  great  man, 
who  preferved  a  mind  untainted  with  the  pride  of  herefy  or 
infidelity ;  and  was  not  more  to  be  admired  for  his  extcnfive 
learning  and  experience  of  nature,  than  for  his  theological 
/kill,  and  penetration  into  the  wifdom  of  the  facred  wri¬ 
tings.  “  Two  books  or  volumes  of  ftudy  (faith  he)  are  laid 
“  before  us,  if  we  will  be  fecured  from  error :  firft,  the 
‘‘  fcriptures,  revealing  the  will  of  God  ;  and  then  the  crea- 
‘‘  tures  expreffing  his  power,  whereof  the  latter  is  a  key  un- 
‘‘  to  the  former  Thefe  two  volumes  being  fo  nearly  re¬ 
lated,  I  fhall  conclude  this  treatife  with  a  fhort  and  humble 
enquiry  into  the  judgment  of  the  holy  feripture ;  which  the 
all-wife  author  of  it  hath  fo  adapted  to  the  exigences  of 
man  in  his  prefent  ftate,  that  the  information  it  occafionally 
gives  us,  concerning  the  vifible  works  of  God,  will  warm 
and  improve  the  hearts  of  the  moft  fimplp,  while  it  con¬ 
veys  light  alfo  to  the  under  Handings  of  the  moft  learned. 

I .  I N  the  firft  place  then  we  are  taught,  that  the  fame 
God,  who  created  the  world  in  wifdom,  upholds  -f  it  in 
mercy ;  that  in  him  we  live  and  move  and  have  our  being. 
If  the  fun  gives  us  light  and  warmth,  it  is  his  fun^  which  he 
maketh  to  rife  on  the  evil  and  on  the  good.  If  the  clouds 
pour  down  their  water  upon  our  fields,  to  nourifh  and  bring* 
forward  the  fruits  of  the  earth ;  it  is  he  that  fendeth  rain  on 
the  juft  and  on  the  unjuft  J.  To  him,  therefore,  the  blefs- 
ings  that  are  dilpenfed  to  us,  in  the  ordinary  courfe  of  na¬ 
ture,  are  to  be  devoutly  aferibed,  as  to  the  primary  fource 
of  all  life  and  motion.  And  this  conclufion  will  be  equally 

*  Adv.  of  learn.  B.  I,  t  Hebr.  i.  3.  ’ 

t  Mat.  5.  45. 
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true,  whether  God  is  fuppofed  to  diftribute  the  benefits  of 
nature  from  his  own  hand  immediately,  or  by  the  media¬ 
tion  of  fome  fecondary  caufes  of  his  own  appointing  ;  for,* 
either  way,  the  real  government  of  the  whole  can  terminate 
only  in  himfelf. 

2.  Some  will  difpute  againfl:  the  operation  of  fecond 
caufes,  as  thinking  it  to  derogate  from  the  power  of  God, 
that  he  fhould  Jia7td  in  need  of  their  ajftftance.  But  they 
fhould  remember,  that  God  did  not  make  the  world  becaufe 
he  himfelf  flood  in  need  of  any  thing  :  it  was  for  his  own 
good  pleafure,  and  the  benefit  of  his  creatures :  and  with 
the  fame  views  he  eflablifhed  the  operations  of  fecond  caufes ; 
he  confulted  our  wants  in  this  matter,  and  not  his  own. 
For  man  is  a  compounded  being,  made  up  of  different 
parts,  that  claim  a  kindred  with  two  different  worlds,  the 
vifible,  and  the  invifible.  The  part  in  him,  which  is  na¬ 
tural  or  bodily,  mufl  be  fupported  by  natural  powers  :  the 
fuperior  or  fpiritual  part,  by  God  who  is  a  fpirit^  and  whole 
powers  alone  can  poflibly  extend  to  the  wants  of  it.  When 
nature  fhall  fink,  and  the  fpiritual  world  open  upon  us,  God 
himfelf  will  then  take  the  place  of  all  inferior  caufes  ^  ;  and 
even  under  the  prefent  flate  of  things,  a  fpiritual  interpofi- 
tion  is  not  wanting  in  the  chrijiian  difpenfation  :  but  then 
it  is  calculated  for  the  benefit  of  man^s  fpirit\  while  his 
body  is  flill  left  to  the  ways  of  nature.  To  mifreprefent  the 
divine  power  and  effence  as  a  phyfical  agent,  is  to  confound 
the  two  kingdoms  of  nature  and  grace ;  which,  as  two  pa¬ 
rallel  lines,  follow  a  like  courfe,  but  can  never  be  made  to 
touch ;  and  to  lofe  fight  of  that  great  and  beautiful  diflinc- 
tion,  an  adequate  underflanding  of  which,  in  all  its  branches, 
would  be  the  confummation  of  human  knowlege. 

*  See  Rev,  21.  23. 
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3.  The  government  of  nature  then,  by  fecond  caufes^ 
is  moft  fuitable  to  the  real  jitnefs  of  things.  It  is  the  courfe 
God  hath  thought  proper  to  fix  upon,  as  ferving  beft  to  his 
own  glory  and  our  good.  Experience  fhews  it ;  antiquity 
confirms  it;  and  the  fcripture  alfo,  without  condefcending 
to  treat  of  it  minutely  as  of  a  fcience,  hath  declared  it  in 
fuch  language,  as  cannot  be  made  to  fpeak  any  other  fenfe 
without  art  or  violence.  That  this  matter  may  be  brought 
to  a  fiiort  iflTue,  it  will  be  proper  to  have  in  view  thole  quef- 
tions  above-mentioned  J,  by  means  of  which  I  kept  mylelf 
within  a  tolerable  compafs,  when  I  colledled  the  dodlrine  of 
profane  antiquity.  And  firftj  let  us  alk  with  all  fubmifiion, 
whether  the  world,  according  to  the  facred  account,  is  full 
or  empty  of  matter. 

4.  W  E  have  learnt  from  Pliny ^  that  it  was  a  cuftom  with 
the  ancients,  to  give  the  name  of  heaven  to  the  •  elements 
that  fill  the  heaven  —  Coelum  appellavere  majores^  quod  alio 
nomine^  aera  :  and  again,  quid  ejfe  mirahilius  potef  aquis  in 
coelo  f  antibus  P  meaning  the  clouds  fupported  by  the  air 
Cicero  has  a  like  obfervation  concerning  the  element  of  fire  — 
Ardor  coelefis^  qui  aether,  vel  coelum  ?totninatur  •!•.  Who  then 
will  be  furprized,  if  the  fcripture,  the  undoubted  fource  and 
original  of  the  heathen  cofmogonies,  and  the  moft  ancient 
book  in  the  world,  ftiould  be  found  to  fpeak  in  the  ftyle  of 
antiquity  ?  And  certain  it  is,  that  by  the  word  firmament^ 
which  occurs  fo  frequently,  and  by  the  heavens^  when  that 
word  is*  fpoken  in  a  phyfical  fenfe,  thofe  elements  are  to  be 
underftood,  'which  are  diftributed  throughout  the  heavens. 
For  the  heavens  are  hiftorically  treated  of  as  a  part  of  the 
works  of  God ;  and  it  would  be  repugnant  to  truth,  that 

*  Lib.  31.  c.  I. 

f  Cic.  de  Nut.  Deor.  lib.  2.  c.  15.  •  t  See  page  214.. 
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what  is  nothing  in  itfelf  but  empty  ipace,  fhould  be  declared 
to  have  been  made  and  jiniflDed  It  may  indeed  be  objedl- 
ed,  that  by  heaven  is  meant  the  vilible  furniture  of  the  hea¬ 
ven,  the  orbs  of  the  fun,  moon,  and  liars  :  but  this  could 
never  be  the  delign  of  the  hiftory,  becaufe  the  hoji  of  heaven 
is  mentioned  apart,  and  diilinguiflied  from  the  heaven  it¬ 
felf. 

5.  From  the  new  tellament  we  learn  —  that  the  heavens 
being  on  fire  fhall  be'  diffolved^  and  the  ele?nents  fiyali  melt 
with  fervent  heat  -f ,  Whence  it  follows,  firft,  that  the  hea¬ 
vens  are  material  \  they  could  not  otherwife  be  fet  on  fire. 
Secondly,  that  they  conlillof  elements  capable  of  a  diff(dutim  \ 
lor  the  *  terrellrial  elements  are  not  here  to  be  underllood, 
the  earth  alfo-^  and  the  works  that  are  therein^  being  men¬ 
tioned  immediately  after.  And  thirdly,  that  the  conflagra¬ 
tion  of  the  great  day  fhall  be  brought  on,  by  a  total  con- 
verlion  of  the  setherial  matter  into  a  devouring  fire :  a  tra¬ 
dition  of  which  went  abroad  into  the  world  very  early.  It 
was  taken  up  as  a  main  article  of  philofophy  by  the  Stoicks ; 
and  feems  not  to  be  improbable  in  the  eye  of  reafon,  as  it 
palled  for  the  greatefi  of  miracles  with  an  heathen  that 
this  univerfal  conflagration  had  not  happened  already ;  con- 
lidering  how  abundantly  nature  is  furnifhed  with  the  mate¬ 
rials  for  fuch  a  catallrophe. 

6.  This  fubfiantiality  of  the  heavens  is  farther  confirm¬ 
ed,  from  the  ufe  and  meaning  of  the  word  firmament^ 
which  is  lynonymous  with  that  of  heaven.  There  is  indeed 
a  vulgar  dodtrine,  fuch  as  might  accord  well  with  the  genius 
of  monkifh  expofitors  in  the  dark  ages,  when  the  folid 
orbs  of  Arifiotle  were  in  fafhion,  that  the  firmament^  fpoken 

*  Gen.  2.  1-4.  t  2  Pet.  3.  12. 

t  See  p.  213. 

of 


ON  THE  SYSTEM  OF  NATURE.  237 

of  in  the  fcripture,  fignifies  a  kind  of  folid  arch,  or  enclo- 
fure  of  the  world,  like  a  cieling ;  in  which  the  ftars  are 
placed,  as  fo  many  brafs  nails,  ftuck  upon  the  inner  furface 
of  an  hollow  Ipherc.  The  futility  and  felfehood  of  which 
will  appear  from  the  application  of  this  term.  For  the  fun, 
moon,  and  ftars,  are  faid  to  have  been  fet  in  the  firma¬ 
ment  :  and  no  iyftem  did  ever  yet  allign  the  fame  fphere  to 
all  thefc  bodies,  becaufe  our  fenfes  muft  aflure  us  of  the 
contrary.  What  can  follow  then,  but  that  the  firmament 
is  a  medium,  extended  from  the  region  of  the  fixt  ftars,  to 
the  places  of  the  fun  and  moon  ?  It  is  farther  faid,  that 
fowls ^  called  in  other  places  of  the  fcripture  the  fowls  of  the 
airy  and  the  fowls  of  heaven  (  which  exprefiions  being  com¬ 
pared,  will  fhew  us,  by  the  way,  that  the  heaven  and  the 
air  are  one  thing  in  the  language  of  the  fcripture )  fly  in  or 
upon  this  firmament  Therefore,  it  is  extended  all  the 
way  from  the  earth,  through  the  regions  of  the  atmofphere, 
in  which  the  fowls  fly,  to  the  fun  and  moon,  and  from 
thence  to  the  fixt  ftars  and  beyond.  The  margin  of  our 
Rnglifh  verfion  has  the  word  expanfion  inftead  of  firmament  ^ 
by  which,  as  the  moft  rational  expofitors  agree,  the  ex¬ 
panded  cethery  or  dififufed  body  of  the  air  is  to  be  underftood. 
And  it  was  well  obfcrved  by  GrotiuSy  that  the  Chaldee  pa- 
raphraft  upon  thofe  words  of  the  i  tf"  Pfaim  —  the  firma¬ 
ment  fheweth  his  handy  work  —  gives  this  interpretation  — 
they  who  confider  the  air,  will  tell  of  the  handy  work  of  God» 
It  is  farther  remarkable,  that  Plato  ufes  the  Greek  word  Tctojs 
in  the  fame  fenfe  ;  of  which  Serranus  obfcrves  —  quod  qui- 
dem  vocabulum  aeris  naturce  fignificandoi  accommodatum  efi  f* . 
Thefe  fhort  hints  are  fufficient  to  prove,  that  a  vacuum  in 


*  Gen.  I.  20. 

t  See  his  preface  to  the  Tintaus.  Vol.  3.  p.  ii. 
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the  heavens  is  not  more  oppofite  to  nature  and  experiment, 
than  to  the  moft  fimple  declarations  of  the  old  and  new 
teftaments.  It  may  occur  as  a  collateral  argument,  to  thofe 
who  ftudy  the  oriental  languages,  that  the  bible  has  no  word 
in  the  original  to  denote  fpace^  as  diftindl  from  body ;  hav¬ 
ing  expreffed  it  by  the  word  that  fignifies  air 

7.  But  we  are  now  to  afk  another  queftion ;  whether 
God,  in  his  government  of  the  natural  world,  a6ls  by  his 
immediate  power ^  or  makes  ufe  of  matter  as  his  injlrument  f 
The  anfwer,  I  Ihould  think,  might  follow  naturally  as  an 
inference  from  what  we  have  heard  already.  For  if  the 
heavens  confift  of  expanded  ather^'  this  fubftance  muft  either 
flop  the  motion  of  the  heavenly  bodies,  as  the  mathemati¬ 
cians,  if  we  will  underftand  the  thing  in  their  way,  have 
very  well  demonftrated ;  or  be  inftrumental  to  the  conferva- 
tion  of  it.  And  as  the  former  part  of  this  alternative  is  falfe 
by  obfervation ;  the  latter  part  of  it  muft  be  true  ;  whether 
we  are  able  or  not  to  inveftigate  and  ailign  fuch  a  mode  of 
operation  to  the  matter  of  the  heavens,  as  fhall  ftand  the 
teft  of  a  fevere  examination. 

t 

8.  That  matter  is  injirumental  in  the  hands  of  God, 
for  the  bringing  to  pafs  his  purpofes  in  nature,  is  at  leaft  to 
be  fufpe<fted,  from  what  happened  in  the  beginning  of  the 
creation.  It  could  not  be  without  fome  good  and  fufficient 
reafon,  that  motion  was  firjl  imprefled  upon  the  celeftial 
elements  of  light  and  air.  If  thefe  were  to  be  inftrumental 
in  the  formation  of  other  things,  as  experiment  fhews  them 
to  be  now,-  the  reafon  is  plain  in  itfelf,  and  worthy  of  an 
infpired  hiftorian.  And  then,  even  the  order  and  procefs, 
that  is  obferved  in  the  facred  hiftory  of  the  creation,  will 


*  Gen.  32.  16, 
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fuggeft  to  us,  what  may  be  gathered  in  a  more  dired  man¬ 
ner  from  fome  other  places  of  the  fcripture.  For  there  are 
exprefiions,  which  allude  to  and  acknowlege  an  efficacy  of 
the  heavens  upon  inferior  things.  The  powers  of  the  hea¬ 
ven,  which  are  to  be  Jloaken  in  the  lafl:  day,  muft  fignify 
thofe  natural  powers,  or  material  forces  of  the  heavens,  by 
which  the  vffible  world  is  now  fupported  and  moved  in  a 
regular  manner,  according  to  the  laws  of  nature ;  and  not 
any  invilible  powers  of  the  world  to  come ;  becaufe  they  are 
mentioned  with  the  fun,  moon,  and  ftars,  the  other  mem¬ 
bers  of  created  nature.  There  was,  it  feems,  a  fit  occafion 
to  make  an  exhibition  of  thefe  natural  powers,  when  the 
apoftles  were  to  be  indued  with  invifible  power  from  on  high 
upon  the  day  of  pentecoft  :  that  power  having  been  com¬ 
municated  under  the  external  figns  of  a  mighty  wind  and' 
flames  of  fire ;  to  which  two  elements,  men  of  all  ages  and 
nations,  as  it  were  with  one  voice,  have  afcribed  the  powers 
of  moving  and  governing  the  natural  world.  And  if  they 
were  right  in  this,  it  is  not  ftrange,  that  thefe  ffiould  have 
been  fixed  upon,  as  the  fittefl:  and  moft  inftrudlive  emblems 
of  invifible  power.  In  the  book  of  fob^  which,  to  fuch  a 
reader  as  the  Lord  Bacon^  appeared  pregnant  and  fwelling 
with  natural  philofophy  “t,  the  heavens  are  affirmed  by  plain 
inference,  to  have  a  dominion  in  the  earth  J.  A  queftion  is 
put  to  Job  by  the  maker  of  the  world,  whether  he  was  able 
to  fix  this  dominion  by  any  power  or  wifdom  of  his  own ; 
which  does  neceflarily  imply,  that -fuch  a  dominion  is  really 
fixed  by  the  power  and  wifdom  of  God.  Loofe- thinking 
and  ignorant  readers  of  fcripture  may  defpife  the  philofophy 
of  the  paflages  I  have  hitherto  mentioned  :  but  thofe  who 

*  Matt.  24.  29.  t  Adv.  of  Learn.  B. 

t  Job.  38.  33. 

examine 
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examine  the  works  of  God  without  prepoffeiTion,  will  foon 
difcover  by  experience,  that  although  they  are  veiy  Qiort, 
they  contain  the  feeds  of  much  knowlege ;  the  moft  obvious 
fenfe  that  can  be  gathered  from  them,  being  fuch  as  agrees 
beft  with  all  the  experiments  we  are  able  to  make. 

9.  That  matter  is  employed  as  an  inftrument  in  the 
hands  of  God,  is  farther  evident,  in  that  he  made  a  mill  or 
exhalation  to  arife  from  the  earth,  for  the  growth  of  vege¬ 
tables,  even  at  their  firft  formation  When  the  waters  of 
the  flood  were  to  be  carried  off,  he  made  a  wind  to  pafs 
over  the  earth  -f.  When  the  plagues  of  Egypt  were  inflid- 
ed,  a  wind  brought  the  locufts ;  and  another  wind  drove 
them  away  J.  When  the  Red  Sea  was  divided,  the  waters 
were  made  to  go  back  by  a  Jlrong  eajl  windy  which  parted 
the  waves,  and  laid  the  bottom  dry,  for  the  paflage  of  the 
Jfraelites  But  thefe,  it  may  be  faid,  were  extraordinary 
occafions :  and  I  am  not  unmindful  of  it ;  as  they  are  fo 
much  the  more  to  my  purpofe  on  that  very  account :  for 
thence  it  appears^  that  even  upon  fuch  occafions,  where  the 
cafe  will  admit  of  it,  God  prefers  the  method  of  bringing 
his  purpofes  to  pafs  by  natural  means :  after  which,  it  would 
furely  be  unreafonable  and  abfurd,  to  deny  the  ufe  of  fuch 
means  in  the  'ordinary  courfe  of  nature.  And  the  fcripture 
itfelf  will  agree  with  us  in  this  conclufion.  For  when  the 
fun  is  faid  to  RULE  over  the  day,  and  to  have  been  made 
for  this  end,  what  can  we  under ftand  by  it,  but  that  he  a£ls 
,  as  a  vicegerent  \  and  is  invefled  with  a  mechanical  power 
of  giving  light,  life,  and  motion,  to  fuch  objedls  as  are  or¬ 
dained  to  receive  his  imprelTions  ?  All  nature  revives,  and 
puts  on  a  new  face,  when  he  approaches  nearer  to  us  in 

X  Exod.  10.  V.  13.  19. 
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**  Ibid.  14.  21. 
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the  fpring;  and  finks  into  a  temporary  death,  at  his  depar¬ 
ture  from  us  in  the  winter.  That  he  ads  in  a  mechanical 
manner,  is  alfo  certain ;  becaufe  a  chain  of  matter  is  conti¬ 
nued  all  the  way  from  the  agent  to  the  objed.  His  power 
confifts  not  in  any  immaterial  quality,  becaufe  it  obferves 
the  fame  geometrical  law  with  the  diffufion  of  his  light ; 
and  his  efficacy  upon  the  produdions  of  the  earth  is  great- 
eft,  when  the  greateft  angle  is  formed  between  the  horizon 
and  his  rays ;  though  the  folid  fubftance  of  his  body  is  then 
moft  remote  from  us,  as  the  aftronomers  very  well  know. 
A  good  telefcope  will  ffiew  us,  what  changes  are  produced 
in  the  refradion  of  the  atmofphere,  and  what  a  tumult 
arifes  in  the  air  from  the  agitation  of  the  fun-beams  in  the 
heat  of  the  noon-day.  The  heaven  feems  tra^ifparent  and 
undifturbed  to  the  naked  eye ;  while  a  ftorm  is  raifed  in  the 
air  by  the  impulfes  of  the  light,  not  unlike  what  is  raifed 
in  the  waters  of  the  fea,  by  the  impetuofity  of  the  wind. 
It  increafes  with  the  altitude  of  the  fun  ;  and  when  the  ev^en- 
ing  comes  on,  it  fubfides  almoft  into  a  calm.  A  fight  this, 
both  edifying  and  inftrudive;  and  fuch  as  we  ought  not  to 
behold,  without  calling  to  mind  thofe  words  of  the  devout 
fon  of  Siracb  —  "The  fun  when  it  appeareth^  declareth  at  his 
rifing  a  marvellous  I N  ST  RU  M  E  N  T^  the  work  of  the' 
Moft  High  " ./ 

10.  Can  it  be  thought  now,  that  God  performs  thofe 
things  by  immediate  power,  which,  as  we  can  fee  and  feel, 
do  follow  the  courfe  of  the  fun,  and  are  performed  by  his 
mediation  ?  Philofophers  who  contend  fo  eagerly  for  the 
immediate  influence  of  a  divine  power  in  nature^  ffiould 
blot  this  luminary  out  of  the  heavens  \  and  their  arguments 


*  Eccluf.  43.  2* 
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would  have  a  little  more  weight.  God  hath  referred  to  him-^ 
felf  an  office  more  fuitable  to  his  nature,  than  the  office 
they  have  thought  proper  to  affign  him  ;  even  that  of  giving 
life,  light,  and  knowlege  to  the  mind  or  fpirit  of  man.  As 
to  the  light  of  the  body,  that  and  all  the  wonderful  efFedfs 
of  it,  are  plainly  adminiftred  to  us  by  the  fun,  as  by  an  en¬ 
gine  or  minifter  fubfervient  to  the  purpofes  of  its  creator. 
But  fome  there  arc,  fo  unhappy  as  to  miftake  the  oeconomy 
of  God,  both  in  the  natural  and  tnoral  world.  If  you 
will  take  their  judgment,  God,  as  a  natural  ruler,  is  to  have 
the  talk  of  moving  thole  portions  of  matter,  which  are 
moved  and  ruled  by  the  fun,  the  work  of  his  hands :  while 
man  is  to  affume  the  office  of  the  father  of  ffirits^  and  ad- 
minifter  light  to  his  own  underftanding.  In  religion^  which 
is  the  province  of  the  Deity,  and  where  there  is  a  dignus 
*vindice  nodus^  all  is  to  be  natural ;  but  in  nature,  all  effedls 
are  to  be  miraculous !  Thus  wretchedly  will  men  reafon, 
when  they  think  philofophy  hath  advanced  them  into  a 
Iphere,  fuperior  .to  the  un-philofophizing  fimplicity  and  truth 
of  divine  revelation. 

II.  That  we  may  learn,  once  for  all,  what  fpecies  of 
folution  is  authorized  by  the  feripture ;  it  will  be  beft  to  fix 
upon  fome  particular  inftance  :  and  there  is  none  more  pro¬ 
per  than  that  of  vegetation.  The  earth  is  faid  to  bring  forth 
grafs  :  this  is  the  ejfeB.  The  firft  caufe  of  it,  is  the  power 
of  God,  to  whom  all  things  owe  their  being,  and  by  whom 
all  things  confift :  for  he  caufeth  the  grafs  to  grow  for  the 
cattle  and  herb  for  the  fervice  of  man  But  then  it  is  allb 
laid,  that  the  tender  grafs  fpringeth  out  of  the  earth.^  by 
clear  fhining  after  rain  -f.  Therefore  God  is  the  primary 


♦  Pfal.  104. 14. 
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caufe ;  the  fun  is  the  iriftrumental  caufe ;  while  the  earth, 
foftened  and  diflblved  by  the  drops  of  rain,  lupplies  the  ma¬ 
terials.  This  account,  plain  and  fimple  as  it  is,  gives  us  the 
out-lines  of  all  that  can  be  faid  upon  the  fubjedt,  and  guards 
us  againft  every  fundamental  error.  It  condemns  the  im¬ 
piety  of  the  heathen  idolater,  by  referring  the  whole  glory 
of  the  work  to  a  power  fuperior  to  matter :  corredts  the  well- 
meaning  ignorance  of  the  philofopher,  who  would  confute 
atheifts,  by-  evacuating  the  world  of  fecond  caufes :  and 
leaves  us  in  pofTeflion  of  that  ancient  and  valuable  dodtrine, 
that  fome  of  the  elements  arc  appointed  to  rule  over,  and 
give  motion  to  the  reft. 
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CONTAINING 

THE  AUTHOR’S  REMARKS  ON  SOME  PASSAGES 
OF  THE  FOREGOING  WORK. 


On  Book  I.  Chap.  III. 

PAGE  28.  line  ii  &c.  To  underftand  the  objedion 
which  the  author  endeavours  to  obviate  in  this  place, 
it  is  neceflary  to  have  fome  little  knowlege  of  the 
theory  of  falling  bodies.  For  the  fake,  therefore,  of  liich  rea- 
ders  as  have  not  confidered  this  fubjedt,  and  to  fave  them 
the  trouble  of  having  recourfe  to  other  books,  I  lhall  here 
fubjoin  an  account  of  it,  and  try  to  make  it  ealy  to  thofe, 
who  have  never  accuftomed  themfelves  to  mathematical  rea- 
fonings. 

In  the  right-angled  triangle  abc,  [platell,  fig.V.  pag.iii.) 
the  angle  cab,  which  opens  wider  by  equal  degrees,  from  the 
point  A  towards  b  c  the  bafe  of  the  triangle,  cxprefies  a  mo-- 
tion  uniformly  accelerated.  The  leg  a  b  exprefles  the  time  in 

which 
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which  this  acceleration  happens ;  and  this  time  is  divided 
into  three  equal  parts  or  moments,  asAi,  12,  2b.  The 
fmall  lines  in  the  triangle  a  i  repeated  at  equal  intervals, 
and  increaling  in  length  by  equal  degrees,  ^  denote  equal  ac¬ 
celerations  of  the  velocity  from  the  inftant  in  which  a  body 
begins  to  fall :  and  the  fmall  equal  lines  in  the  Iquare  i 
denote  an  equal  velocity  during  the  time  exprelTed  by  the 
fide  12. 

Th  E  s  E ^things  being  firft  conlidered,  if , we.  now  attend 
to  thiG  figure y  it  will  open  to  us  all  the  confequences  of  thefe 
pofitions.  .  w  I  vMI  V 

I. 


The  line  i  k  will  exprefs  the  velocity  acquired  by  a  falling 
body  at  the  end  of  the  firjl  i^oment  of  time.  The  line  2  I 
will  exprefs  the  velocity  acquired  at  th^  end  of  the  fecond 
moment ;  and  b  c  the  velocity  at  the  end  of  the  third. 


If  the.  body,  during  the  fecond  moment  of  time,  fhould 
retain  the  velocity  i  k  which  it  had  acquired  at  the  end  of 
the  firft,  the  fquare  furface  \  2  mk  wilLbe  defcribed;  for 
this  furface  is  generated  by  a  continual  repetition,  or  mo¬ 
tion,  of  the  line  i  k  during  the  time  12;  as  the  area  of 
the  triangle  a  i  i  is  alfo  defcribed  by  an  uniformly-increaf- 
ing  velocity  during  the  time  a  i  .  But  the  area  of  the  fquare 
is  manifeftly  double  to  the  area  of  the  triangle.  Whence  it 
appears,  that  a  body  moving  on,  during  a  fecond  moment, 
with  the  velocity  acquired  at  the  end  of  the  firft,  will  fall 
twice  as  far  in  the  fecond  moment  as  in  the  firft.  And  the 
fame  will  be  true  univerfally,  that- the  velocity  acquired  at 
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the  end  of  any  given  time,  will  carry  the  body  twice  as  far 
in  the  fame  time. 


III. 

But  if  the  velocity  continues  to  increafe  uniformly  du¬ 
ring  the  fecond  moment,  then  the  fpace  defcribed  will  be 
as  I  2  /  ^,  which  is  thrice  as  great  as  the  triangle  a  i  h 

IV. 

The  whole  fpace  defcribed  by  the  body  in  the  two  lirft 
moments,  will  be  as  the  area  a  2  /,  which  is  equal  to  four 
times  the  area  a  i  whence  it  follows,  that  the  fpace  de¬ 
fcribed  by  the  body  in  its  fall,  is  as  the  fquare  of  the  time 
in  which  it  falls ;  for  here  the  time  is  2,  and  the  fquare  of 
•it  is  4. 

V. 

I N  the  third  moment^  were  the  body  to  fall  with  the  ve¬ 
locity  2  /,  during  the  time  2  b,  the  fpace  defcribed  will  be 
as  the  rectangle  under  the  time  and  the  velocity,  that  is,  as 
the  redangular  fpace  2  b  ^  /,  equal  to  four  times  Aik, 
But  as  the  velocity  is  Hill  uniformly  increafing,  the  fpace 
will  be  as  the  area  2  b  c  /,  five  times  as  great  as  Aik.  And 
thus  will  the  redangle  under  the  time  and  the  velocity  be 
always  increafed  by  unity. 

VI. 

A  s  the  triangles  a  i  4,  a  2  /,  a  b  c,  are  all  Jhnilar^  or, 
fuch  as  have  all  their  three  angles  refpeBwely  equal  to  one 
another-;  then  as  a  2  is  the  double  of  a  i,  2  /  wilt  be  the 

double 
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double  of  1  ;  and  as  a  2  expreffes  the  time^  and  2  /  the 
velocity^  where  the  time  is  double,  the  velocity  is  double  &c. 
Therefore  the  velocity  is  as  the  time, 

VII. 

I F  the  fpaces  defcribed  in  each  moment  be  confidered  fe- 
parately^  then  the  fpace  in  the  firft  moment  will  be  as  i,  in 
the  fecond  as  3,  in  the  third  as  5,  in  the  fourth  as  7,  and 
fo  on  in  an  arithmetical  progreffion ;  the  common  difference 
being  2. 

I  F  we  would  apply  this  theory  to  praSlice^  it  is  firft  to 
be  learnt,  that  in  one  fecond  of  time  bodies  are  found  to 
fall  15  P^r/x-feet  and  i  inch,  that  is  16  feet,  and  fome- 
thing  more,  of  Englijh  meafure ;  but  we  fhall  negledt  this 
fmall  quantity,  and  fuppofe  the  whole  fpace  to  be  16  feet' 
in  a  round  number.  This  hath  been,difcovered  with  fuffi- 
cient  exacftnefs  from  the  motion  of  pendulmn%y  between  which, 
and  the  rectilinear  defcent  of  heavy  bodies,  there  is  fo  clofe  a 
connection,  that  neither  of  thefe  can  be  underftood  indepen¬ 
dent  of  the  other.  It  being  allowed  then,  that  the  fpace  fallen 
through  by  a  body  in  the  firft  moment  of  time,  is  1 6  feet ; 
it  follows  from  N“.  IV.  of  the  theory,  that  at  the  end  of 
the  fecond  moment,  it  will  have  fallen  16  X  4=64 :  at  the 
end  of  the  third  moment  16  x  9  =  144  :  at  the  end  of  the 
fourth  16x16=256  &c.  All  thefe  fpaces  being  as  the 
fquares  of  the  times, 

H  ENCE,  if  the  fpace  be  given,  through  which  a  body  is 
to  fall,  we  may  colled  the  time  wherein  it  will  finifti  its 
defcent.  For  let  the  number  of  feet  in  fuch  a  fpace  be  di¬ 
vided  by  1 6  ;  then  will  the  fquare  root  of  the  quotient  ex-*^ 
prefs  the  time  fought,  in  feconds  and  parts  of  a  fecond.  Thus- 
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if  the  fpace  be  144  feet,  144  —  16  =  9,  of  which  the  root 
is  3 .  And  the  converfe  of  this  will  be  equally  true  ;  for  if 
the  time  be  given,  the  fpace  through  which  the  body  hath 
delcended,  may  be  found  from  it.  If  we  fhould  delire  to 
learn  the  depth  of  a  well,  from  the  furface  of  the  earth  to 
the  furface  of  the  water,  let  a  bullet  of  lead  be  dropt  into 
it,  and  let  us  fuppofe  this  bullet  to  ftrike  the  water  in  5 
feconds.  The  fquarc  of  5  is  25,  which  being  multiplied 
into  16  feet,  the  product  will  be  400  feet,  equal  to  the  depth 
of  the  well. 

Thus  again,  were  we  to  fee  a  mafs  of  burning  matter, 
or  a  large  red-hot  ftone,  fliot  upwards  from  the  mouth  of  a 
volcano,  and  could  obferve  accurately  that  the  whole  time 
of  its  flight  in  the  air  amounted  to  (as  we  will  fuppofe)  30 
feconds ;  we  may  thence  colled  the  height  to  which  it  arofe., 
For  a  projected  body  will  both  rife  and  fall  in  the  fame 
time ;  therefore  we  are  to  take  half  the  time  above-men¬ 
tioned,  or  15  feconds:  then  it  will  be  15X15X16  = 
3600  feet,  or  1200  yards,  which  is  not  far  fliort  of  |  of  a 
mile. 

But  we  are  to  obferve,  that  in  the  application  of  this 
theory,  two  things  are  taken  for  granted,  before  we  arrive 
at  any  one  of  thefe  conclufions.  Firft,  that  the  theory  itfelf 
is  true  in  pradice  to  a  mathematical  exadnefs.  That  it  is 
very  nearly  fo,  may  be  fairly  concluded  from  the  experi¬ 
ments  which  have  been  made ;  but  nothing  more  can  be 
concluded  with  abfolute  certainty.  Secondly,  that  the  mo¬ 
tion  is  performed  without  any  impediment ;  in  other  words, 
that  it  is  performed  in  vacuo,  or  in  a  medium  that  gives 
no  refiftance;  which  is  falfe  in  fad:  no  experiments  of  any 
conflderable  compafs  having  been  made,  .or  being  pofllble 
to  be  made,  without  ^  great  degree  of  interruption  from 

I  i  the 
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the  refiftance  of  ain  Upon 'this  account,  ;the  well,  whereof 
you  arc ‘finding  the  depth,  will  not  be  fo  deep  may,  be 
imagined  by  feveral  feet ;  nor  will  the  ftone,  projeQed  from 
the  volcano,  rife  near  fo  high  as  we  have  already  concluded. 
This  refiftance  of  the  air  will  be  different  at  different  fea- 
fons ;  and  to  find  the  abfolute  quantity  of  it  at  any  time, 
and  in  any  particular  experiment,  is  a  problem  fo  difficult 
and  complicated,  .as  hardly  to  admit  of  an  adequate  folu- 
tion.  -  - 

In  the  experiments  made  by  Mr.  Hawhjbee^  of  which  we 
have  an  account  in  his  fhyfico-mechankal  experiments  p.  2  78, 
and  in  Sir  Ifaac  Newtons  principia^  lib.  2.  prop,  fome 
glafs  balls,  filled  with  quickfilver,  were  obferved  to  fall  220 
feet  an  4  fecofids  of  time.  By  the  theory,  they  fhould  have 
fallen  25  6  feet :  therefore,  the  refiftance  of  the  air,  added  to 
fome  error  in  the  performance,  diminiffied  the  fpace  by  about  ~ 
of  ^the  whole.  Some  other  experiments  made  by  Dr.  Defa^ 
guliers  with  balls  of  lead  (fee  phihf.  tranfaEi.  N°  362.  p. 
1071)  and -executed  with  a  better  addrefs  than  thefe  of  Mr. 
Hawkjbee^  came  nearer  to  the  theory.  But  let  us  confider 
that  when  thefe  balls  touched  the  ground,  fuppofing  them 
to  have  defcended  through  a  fpace  of  2  5  6  feet,  they  moved 
only  at  the  rate  of  128  feet  in  a  fecond :  and  what  is  this 
to  the  velocity  of  light  ?  which  according  to  the  ufual  com¬ 
putation,  moves  above  a  million  of  times  fwifter  than  a 
cannon-bullet.  Should  this  fluid  be  the  natural  caufe  of 
gravity,  and  fhould  the  {paces  defcribed  be  Jefi  than  the 
theory  requires,  on  account  of  a  nearer  approach  in  the  ve¬ 
locity  of  the  body  to  the  velocity  of  the  fluid  that  moves 
the  body,  fuch  a  difcovery  is  far  beyond  the  reach  of  all  hu¬ 
man  experiments. 
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I F  what  hath  been  here  faid,  fhould  tempt  an  inquifitive 
reader  to  fearch  farther  and  deeper  into  the  application  of 
this  theory  of  falling  bodies  to  the  motion  of  pendulums, 
the  flight  of  bombs  and  other  projedliles ;  he  may  find  fa- 
tisfa<St:ion  by  perufing  part  I.  c.  6  &c.  of  Mr.  Rowning^ 
fyflem  of  natural  philofbphy  —  S’  Gravefande\  elements  of 
nat.  phil.  by  Defaguliers  b.  I.  c.  19  &  24 —  Mr.  Maclau^^ 
rins  account  of  Sir  Ifaac  Newton  s  difcoveries  b.  11,  c.  5. 
Or  fee  Dr.  KeU\  introd.  to  nat.  philof.  15  and  16; 
than  which  there  is  nothing  more  exadl  and  compleat  upon 
the  liibje6t. 

*  I 

On  Chapter  IV. 

Page  34.  1.  28  &c.  In  order  to  prove  by  fome  ealy  ex¬ 
periment,  that  the  refiftance  which  a  body  gives  to.  any  force 
that  is  applied  to  put  it  in  motion,  is  jufi  fo  much  as  ought 
to  proceed  from  the  action  of  gravity,  upon  it^  and'  no  more ; 

I  confidered,  that  if  the  refiftance  in  the  ball  of  a  fimple 
pendulum  fliould  proceed  wholly  from  its  gravity ;  then  the 
lame  force  ought  to  move  it  more  eafily  through  a  feg- 
ment  of  a  greater  circle,  than  through  a  fegment  of  a 
lefier. 

H  A  V  I  N  G  put  together  an  extempore  apparatus^  I  took 
two  balls  of  lead,  the  greater  of  which  weighed  one  pound 
and  an  half,  the  lefier  one  quarter  of  a  pound.  Thefe  were 
fufpended  by  lines,  fo  that  the  centre  of  each  ball,  being  at 
equal  heights,  was  28  inches  below  the  points  of  fulpenfion. 
A  graduated  fcale  being  fixed  parallel  to  the  plane  of  their 
intended  motion,  I  drew  the  lefier  ball  afide  to  24  divifions 
from  the  perpendicular,  and  having  let  it  fall  againft  the 

I  i  2  greater, 
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greater,  perceived  that  the  ftroke  of  it  occafiioned  the  greater 
ball  to  move  over  4  divifions  and  ^  from  the  perpendicular. 
Then  I  fufpended  the  greater  ball  from  a  point  7  feet  and' 
8  inches  above  its  centre ;  and  letting  go  the  lefler  ball  from 
the  fame  diftance  as  before,  found  that  the  application  of 
the  fame  force  did  now  occafion  the  greater  ball  to  move 
over  9  divifions  and  very  nearly.  Therefore  in  this  latter 
trial,  where  the  diftance  of  the  heavier  ball  from ’the  point 
of  fulpenfion  is  almoft  quadruple  of  what  it  was  before,  the 
refiftance  becomes  lefler  than  before  by  about  one  half, 

Th  E  times  of  the  vibrations  of  different  pendulums  being 
in  the  fubduplicate  ratio  of  their  lengths,  their  velocities  com¬ 
pared  with  each  other  will  be  inverfely  as  the  fquare  roots 
of  their  lengths ;  that  is,  if  the  length  of  the  greater  pen¬ 
dulum  be  quadruple,  and  its  time  of  vibration  double,  its 
velocity  in  a  fimilar  arch  will  be  \  the  velocity  of  the  lefler 
pendulum.  In  this  experiment  then,  the  refiftance  is  leflened 
in  the  fame  proportion  with  the  velocity  :  but  the  velocity 
is  deducible  only  from  the  adive  force  of  gravity  •  therefore, 
the  refiftance  muft  be  owing  to  the  fame  force.  For  if  the . 
refiftance  here  found  beTuch  as  ought  to  flow  naturally 
from  the  gravity  of  the  body,  and  no  other  refiftance  is  to 
be  difeovered  ;  muft  it  not  follow,  that  what  has  been  called 
a  vts  inertice  is  but  the  fame  thing  v^ith  the  force  of  gravity  ? 
If  not,  how  are  they  to  be  diftinguifhed  in  this  experi¬ 
ment  ? 

That  the  refiftances  above-mentioned  do  not  exadly 
coincide  with  the  inverfe  ratio  of  the  fquare  roots  of  the 
lengths,  which  are  5,  29  and  10,  20,  but  deviate  from 
it  a  little,  may  be  imputed  to  fome  fmall  degree  of  elafti- 
city  in  the  leaden  balls.  However,  this  error,  fo  far  as  it 
may  concern  my  argument,  is  on  the  right  fide. 


From 
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From  what  hath  been  faid  there  arifes  this  corollary  — 
that  the  rejijlance  of  any  folid  pendulous  body  may  be  Jo  di- 
minijhed^  as  to  be  lefs  than  any  ajftgnable  quantity :  or^  that 
a  body^  how  large  foever^  may  be  moved  out  of  its  place  by 
a  force  how  fmall  Joever,  1  mention  this  as  a  matter  of  cu- 
riolity,  though  I  cannot  but  regard  as  trifling  all  mathema¬ 
tical  conclufions  which  are  remote  from  facfl  and  the  com¬ 
mon  courfe  of  things. 

I N  defining  the  vis  inertia y  Sir  Ifaac  hath  obferved,  that 
a  body  exerts  this  force^  only  when  it  is  made  to  change  its 
Jlate  by  fo7ne  force  impreffed  upon  it.  But  certainly  the  force 
that  keeps  a  body  in  its  ftate,  and  the  force  that  refifts  a 
change  of  that  ftate,  muft  be  the  fame  thing  :  fo  that  in 
our  experiment,  the  ball  is  either  brought  down  to  the  low- 
eft  point  of  the  circle,  and  kept  at  reft  there,  by  the  vis 
inertia y  which  is  falfe ;  or  the  force  of  gravity  which  brings 
it  to  the  loweft  point,  and  would  keep  it  there  at  reft,  muft 
be  the  force  that  oppofes  us  when  we  oblige  it  to  change  its 
ftate.  This  objedion  to  the  vis  inertice  is  fo  plain  and  po- 
fitive,  and  experiment  does  fo  manifeftly  confirm  it,  that  I 
confefs  I  know  not  how  to  get  over  it,  and  cannot  but  wiflh 
to  fee  this  principle  either  wholly  difcarded  from  natural 
philofophy,  where  it  feems  to  have  done  no  good  ;  or  better 
diftinguiflied  than  it  hath  hitherto  been. 

A  s  I  never  think  it  my  intereft  to  ftifle  any  part  of  the 
evidence  belonging  to  a  fubjedl,  I  would  inform  the  reader, 
if  he  does  not  know  it  already,  that  the  Abbe  Nollet  ( fee 
vol.  I.  p.  135  of  the  Rnglifh  tranflation  of  his  leEiures)  pro- 
pofes  an  experiment,  to  prove  that  the  force  of  inactivity 
and  the  force  of  gravity  are  not  the  fame  thing  in  bodies.' 
There  is  indeed  fome  difficulty  in  the  experiment  he  fpeaks 
of;  but  it  cannot  amount  to  a  dil'covery  of  this  ina&ive 

force, 


^-54 


POST  S  -C  R  I  p  t; 


force,  unlefs  the  body  is  examined  independent  of  all  active 
forces ;  which,  I  think,  is  not  the  cafe ;  and  the  reader,  if 
he  pleafes;  may  conlider  of  it.  • 


On  Chapter  V. 


Page  44.  1.  21.  Some  other  motions  like  to  that  of  the 
two  lamps  may  be  contrived  in  a  different  manner.  Fix  a 
needle  upon  a  pillar  of  glafs  or  fealing-wax  four  or  five  in¬ 
ches  in  length,  and  place  a  fmall  wire  upon  it,  pointed  at 
each  end,  and  bent  into  the  fliape  exprefled  by  Jig,  2.  of 
plate -1,  Let  this  little  machine  be  fo  placed,  that  you  can 
eledlrify  the  brafs  cap  in  its  center  by  fparks  from  a  wire 
hanging  perpendicularly  over  it,  but  not  touching  it.  If 
the  inftrument  is  well  made,  and  the  fire  ftrongly  commu¬ 
nicated,  the  wire  will  turn  upon  its  centre  as  fail  as  the  fly¬ 
ers  of  a  common  jack :  and  if  the  room  be  darkened,,  you 
will  fee  a  ring  of  light  formed  by  the  electric  asther  as  it 
ftreams  from  the  points  of  the  wire. 

This  motion  is  fo  far  from  being  flopped  or  retarded  by 
the  refiflance  of  the  circumambient  medium,  that  there  fcems 
to  be  no  better  method  of  accounting  for  it,  than  by  deriving 
it  immediately  from  fuch  -a  refiflance.  The  fire  diverging 
from  the  points  flrikes  upon  the  adjacent  air ;  while  the  air, 
readting  againfl  the  flreams  of  fire,  or  rejifling  them,  gives  a 
retrograde  motion  to  the  points  of  the  wire ;  jufl  as  a  chair, 
if  placed  upon  caflers,  will  run  backwards,  when  the  perfon 
fitting  in  it  pu flies  againfl  the  wall  with  a  flick.  If  the  wall 
were  out  of  his  reach,  his  flretching  out  the  flick  would 
make  no  imprelfion  upon  the  chair :  and  the  flreams  of  fire 
.  .  will 


POSTSCRIPT. 


^55 

will  be  equally  infulEcient  to  produce  a  motion  in  this  ma¬ 
chine,  if  there  be  no  air  within  the  fphere  of  their  adivity. 
To  prove  this,  I  made  the  three  following  experiments. 

Experiment  I. 

% 

I  fet  the  machine  upon  the  plate  of  my  air-pump ;  and 
having  covered  it  with  a  large  receiver,  eledrified  it  by  means 
of  a  wire  palling  down  to  it  through  a  collar  of  leathers. 
While  the  receiver  remained  full  of  air,  the  machine  made 
its  revolutions  as  well  within  the  glafs  as  it  had  done  before 
in  the  open  air. 

Exp,  II. 

The  fame  trial  being  made  when  the  receiver  was  ex- 
haufted,  no  .motion  enfued.  The  room  being  made  dark, 
the  operation  of  the  eledrical  machine  was  continued  :  and 
it  was  now  vifible  enough,  that  the  two  ftreams,  inftead  of 
paffing  off  from  the. points  in  the  form  of  a  conical  brufli  of 
rays  with  its  axis  parallel  to  the  horizon,  went  perpendicu¬ 
larly  downwards  in  two  parallel  lines  to  the  brafs  plate  of 
the  air-pump:  and  it  was  utterly  impoflible)  that  the  fire 
thus  perpendicularly  direded  ( had  there  been  no  other  tea- 
Ion  for  it)  fhould  occafion  an  horizontal  motion  in  the  ma¬ 
chine. 

Exp,  III. 

I  N  order  to  try  whether  the  fire,  moving  horizontally  in 
the  exhaufted  receiver,  would  have  any  better  effed ;  I 
placed  a  ring  of  brafs  wire  within  the  veffel,  and  fixed  it  at 
.fuch  an  height,  that  it  coincided  with  the  plane  of  the  in¬ 
tended  motion.  The  machine  being  again  eledrified  under 

thefe 


256  POSTSCRIPT. 

thefe  circumftanccs,  the  fire  did  now  appear  to  iffue  hori¬ 
zontally  from  the  points  toward  the  brafs  ring,  and  thence 
it  went  down  to  the  plate  at  the  bottom,  by  means  of  fome 
other  fmall  wires  added  for  that  purpofe.  But  notwithftand- 
ing  all  this,  the  points  of  the  machine  were  ftationary. 

Reflexions. 

1.  The  ftreams  of  fire  do  not  fall  down  to  the  plate  by 
their  gravity^  as  two  ftreams  of  water  might  be  made  to  do* 
from  two  orifices  in  the  ends  of  a  fmall  horizontal  pipe; 
for  then  the  velocity  with  which  they  ifllie  from  the  points 
fhould  occafion  them  to  defcribe  a  parabola^  whereas  they 
dcfcribe  two  ftrait  lines ;  therefore  they  are  carried  down, 
not  by  the  force  of  gravity,  but  by  a  prefTure  of  another 
kind  which  operates  in  what  we  call  a  vacuum. 

2.  As  the  rays  of  the  eledtric  sether  do  not  pafs  off*  from 
the  points  in  a  conical  form  when  the  machine  is  placed  in 
, vacuo,  but  in  a  perpendicular  line;  it  is  certain  that  the 
particles  of  fire  do  not  recede  from  each  other  lb  much  when 
the  air  is  abfent,  as  when  it  is  prefent ;  therefore  they  do  not 
recede  from  one  another  by  any  inherent  repulflve  power: 
for  were  they  indued  with  fuch  a  power,  they  would  be 
more  at  liberty  to  exert  it  when  the  prefllire  of  the  atmo- 
fphere  is  taken  away,  and  ought  to  diverge  mofl  where  they 
are  found  by  experiment  to  diverge  leafl^  that  is,  in  an  ex- 
haufted  receiver. 

3.  The  continuance  of  motion  in  any  fpace  doth  not  in¬ 
fer  the  necefiity  of  a  vacuum.  The  contrary  to  this  is  fo 
true,  that  a  variety  of  motions  may  be  exhibited,  for  the 
producing  of  which,  the  prefence  of  a  refilling  medium  is 
abfolutely  requifite.  We  have  one  inftance  of  it  in  this  ex¬ 
periment  ; 
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periment ;  and  as  the  analogy  I  would  here  point  out  to  the 
reader  is  a  thing  of  no  fmall  moment,  let  me  defire  him  to 
confider  attentively  with  himfelf,  that  if  the  glafs  globe 
which  we  here  make  ufe  of  as  a  promptuary  or  fountain¬ 
head  of  elementary  fire,  were  to  fend  forth  its  ftore  in  the 
ordinary  courfe  of  nature,  as  the  globe  of  the  fun  doth  fend 
forth  its  light ;  the  motion  of  this  machine  would  be  perpe- 
.  tual,  not  only  in  theory,  but  in  practice. 

The  fame  may  be  faid  of  the 'revolution  of  the  two 
lamps,  in  the  inftrument  defcribed  at  p,  44 :  for  the  mo¬ 
tion  of  thofe  lamps  would  be  perpetual,  were  their  light  as 
perpetual  as  that  of  the  fun- is. 

There  is  another  experiment,  which  I  have  frequently 
performed  with  much  pleafure,  and  never  without  exciting 
fome  degree  of  admiration  in  thole  who  have  beheld  it.  A 
fmall  light  bubble  of  glafs  being  laid  on  a  polilhed  plate  of 
metal,  upon  which  a  brafs  ring  (of  about  half  a  foot  in  dia¬ 
meter)  is  fo  placed,  as  to  be  conveniently  eledrified  without 
eledrifying  the  plate  at  the  fame  time ;  the  little  fphere  of 
glafs  will  defcribe  an  orbit  about  the  ring,  and  will  turn  at 
the  fame  time  about  its  own  axis,  the  poles  of  its  rotation  - 
being  nearly  at  right  angles  to  the  plane  of  its  orbit.  Here 
again,  if  the  emiffion  of  light  from  the  eledrical  globe  were 
as  conftant  as  the  fupplies  from  the  fun  to  the  planets,  the 
motion  of  this  Iphere  would  refemble  the  motion  of  the 
earth  as  nearly  in  its  perpetuity,  as  it  doth  in  fome  other  re- 

In  all  thefe  inftances,  a  refifting  medium  does  not  hinder 
motion,  but  adually  promotes  it,  and  is  one  of  the  imme¬ 
diate  caufes  of  it;  and  were  thefe  little  experiments  as  ade¬ 
quate  to  the  greater  phoenomena  of  the  univerfe  as  they  are 
analogous  to  them,  would  render  the  motion  perpetual.  An 
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liypothetical  train  of  reafoning  might  lead  us  to  conclude, 
that  if  lefs  matter  were  in  the  Ijiace,  the  motion  would  be 
more  free,  and  continue  much  longer :  upon  the  fuppofed 
flrength  of  which  conclufion,  (if  a  little  geometry  were  in¬ 
terwoven  with  it )  we  might  think  it  neceffary  to  get  rid  of 
the  air  and  of  all  JenfMe  ^natter  \  and  then  we  Ihould  alfo 
get  rid  of  the  caufes  of  motion.  In  a  word,  the  fadls  now 
before  us  fhew  how  much  we  fhould  lofe  by  the  application 
of  this  unphilofophical  method ;  which  would  promote  the 
fuccefs  of  thefe  experiments,  juft  as  much  as  we  fhould  en¬ 
able  a  man  to  run  fafter,  were  w^e  to  rid  him  of  the  incum¬ 
brance  of  his  boots  and  fpurs  by  cutting  off  his  legs. 

I  think  it  hardly  neceflary  to  obferve,  as  the  thing  is  fo 
obvious,  that  although  the  mode  of  operation  in  each  of 
thefe  experiments  is  very  different,  yet  the  effeds  in  all  of 
them  are  deducible  from  the  fame  caufes,  lire  and  air,  or¬ 
dained  in  a  wonderful  manner  to  cooperate  with  each  other. 


On  Chap.  VI. 

i 

Page  49.  1.  2  See.  It  hath  been  hinted  to  me  by  a  learn¬ 
ed  friend  who  faw  this  chapter  in  manufeript,  that  the  geo¬ 
metrical  argument  of  Dr.  Keil^  though  it  makes  but  an  in¬ 
different  figure  in  the  manner  he  hath  ftated  it,  may  never- 
thelefs  be  applied  to  demonftrate  an  interjiitial  vacuum  be¬ 
tween  the  parts  of  bodies.  And  thus  much  indeed  it  may 
warrant  us  to  affirm,  that  if  the  world  is  filled  with  an  ho¬ 
mogeneous  matter,  all  the  particles  of  which  are  exad 
fpheres,  of  equal  fizes,  and  all  of  them  in  contad ;  an  in- 
terftitial  vacuum  muft  be  the  confequence :  and  the  ratio  of 
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the  full  Ipace  to  the  empty  {pace,  will  be  as  the  folid  content 
of  a  fphere,  to  the  difference  between  that  and  the  content  of 
a  cube  of  the  fame  diameter.  But  then,  how  many  fuppofi- 
tions  is  it  neceffary  to  make,  before  the  way  is  clear  to  fuch 
a  conclufion  ?  and  when  we  have  attained  it,  it  leaves  my 
argument  but  where  it  found  it.  For  unlefs  thefe  homoge¬ 
neous  fpheres  are  out  of  contaEi\  ( the  contrary  to  which  is 
fuppofed  in  the  demonftration )  a  motion  propagated  amongft 
them  will  be  mechanical ;  and  that  is  all  I  am  contending 
for.  But  fuch  mathematical  reafonino;s  are  all  of  them  wide 
of  the  purpofe,  only  tempting  us  to  ramble  from  the  real 
merits  of  the  caufe,  and  to  multiply  words  without  know- 
lege ;  an  obfervation  which  ought  to  be  as  freely  applied  to 
what  I  have  hitherto  faid  in  anfwer  to  the  demonftration,  as 
to  the  demonftration  itfelf.  If  we  leave  geometry  to  take  its 
chance,  and  make  a  tranfttion  to  reafon  and  obfervation,  it 
will  be  hard  enough  to  fhew,  that  within  the  whole  created 
lyftem  of  the  world  there  is  any  fpace  capable  of  holding  a 
particle  of  matter,  which  has  not  fuch  a  particle  in  it.  A 
iubtil  fubftance,  (that  of  fire  or  light)  not  to  be  excluded 
by  the  furfaces  of  the  moft  folid  body,  is  in  perpetual  agi¬ 
tation,  and  ready,  as  experience  teaches,  to  find  its  way  into 
every  channel  capable  of  receiving  it.  It  has  likewife  been 
proved  above,  that  between  the  particles  of  this  fubftance 
there  is  no  repulfve  power  to  keep  them  at  a  diftance  from 
each  other  :  and  as  Sir  Ifaac  Newton  hath  given  us  fome 
fine  experiments  in  his  treatife  of  optics ^  whence  it  is  highly 
probable  that  even  the  particles  of  light  are  of  various  fizes ; 
they  will  on  that  account -fill  up  any  given  Ipace  the  more 
compleatly  ;  and  the  interftitial  vacuities,  if  they  can  be  call¬ 
ed  fuch,  will  vanifh  into  fomething  not  ^worth  regarding, 
becaufe  it  is  impoffible  to  be  conceived,  unlefs  the  imagi- 
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nation  fhould  put  a  trick  upon  itfelf;  which,  I  believe,  is 
fometimes  the  cafe,  when  it  is  contemplating  fuch  objeds  as 
are  beyond  its  reach.  If  we  keep  within  the  limits  of  our 
underftanding,  and  attend  to  nature  itfelf  as  it  is  difplayed 
before  our  eyes,  we  may  exprefs  both  fafely  and  truly  all 
that  is  neceffary  to  be  affirmed  upon  this  occafion,  in  the 
following  words,  taken  from  the  difcourfe  of  T^imcem  Locrus 
the  Pythu^orecin - Hyp  mv  Ae^Tlo^gpetow'  'TtcMTCii 

OLTlf  T8  J'lCL  Tm  TTOpO?*  O^p  h  J'idL  ATiaVTO  m  TZAvip’d 

y*€veov  ctTiDAiTTovTOt.  —  FirBy  by  vBciJofi  of  its  Juhtiltyy 
penetrates  into  all  things ;  air  into  all  the  other  elementSy  ex- 
cept  fire ;  and  water  into  earth  :■  fio  that  the  world  is  fiull  of 
mattery  and  there  is  no  vacuum  left  in  itP  N.  B.  This  dif- 
couffe  is  fubjoined  to  Plato\  Timceus  j  or  it  may  be  found  in 
Gale\  opuficula  mythological. 


On  Book  III,  C  h  a  11. 

An  addition  to  the  note  at  page  136, 

AS  I  have  here  dropped  an  hint  concerning  the  danger 
which  is  to  be  apprehended  from  eleSiricity  \  it  may 
not  be  amifs  to  give  fome  ffiort  account  of  its  good  effeElSy 
fo  far  as  they  have  fallen  under  my  own  obfervation. 

A.  girl 
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A  girl  of  about  12  years  of  age,  the  daughter  of  a  fliep- 
herd  in  this  parifh  of  W adenho  in  Northamptonjfnre^  having 
frequently  expofed  herfell  in  the  field  to  bad  weather,  was 
afflicted,  in  the  beginning  of  the  fpring  1761,  with  flying 
pains  in  her  limbs,  foon  followed  by  an  hemiplegia^' ox  ftroke 
of  the  palfy,  which  feized  her  fuddenly  as  fhe  was  at  work, 
and  deprived  her  of  the  ufe  of  her  limbs  on  the  right  fide, 
fo  that  fhe  was  unable  to  ftir  from  her  chair,  and  was  car¬ 
ried  up  and  down  flairs  in  it,  to  and  from  bed,  by  her  fa¬ 
ther  and  mother.  She  complained  alfo  of  a  fixed  pain  to¬ 
ward  the  bottom  of  the  fpine,  which  became  fo  violent,  that, 
when  in  bed,  fhe  could  reft  in  no  poflure  but  only  with  her 
face  downward. 

To  remove  this  fymptom,  a  blifler,  to  be  laid  near  the 
part,  was  recommended  by  a  phyfician,  a  friend  of  mine, 
who  happened  to  vifit-  me  while  the  girl  was  in  this  mifer- 
able  condition.  It  had  the  defired  effedt,  and  removed  this 
pain  in  a  day  or  two ;  but  her  limbs  on  the  right  fide  were 
flill  as  ufelefs  as  before,  and  fo  invincibly  cold,  that  her 
mother  was  employed  many  times  in  a  day  in  rubbing  them 
with  hot  flannels. 

The  blifler  was  continued  under  the  form  of  a  perpetual 
blijler :  but  I  found,  after  fome  trial,  that  no  farther  benefit 
was  to  be  expedled  from  it ;  and  having  but  little  hope  from 
the  ufe  of  any  internal  medicines,  I  refolved  to.  eledrify  her ; 
to  which  her  parents  readily  confented,  and  brought  her  to 
me  in  a  chair  for  this  purpofe.  The  flhock  was  given  after. 
the  common  method ;  only  I  endeavoured  to  adminifler  it 
in  fuch  a  manner,  that  the  fire,  upon  its  difcharge,  fhould 
follow  the  courfe  of  the  nerves  ( from  the  top  of  the  fpine 
downwards)  throughout  the  whole  fide  that  was  afiedcd. 
'After  two  or  three  flrokes,  of  which  fhe  complained  but 
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little  though  they  were  very  fevere ;  I  enquired,  whether  (he 
perceived  any  warmth  or  tingling  in  her  limbs  ?  to  which 
file  anlwered  in  the  affirmative.  When  ffie  had  received  a- 
bout  half  a  dozen  ftrokes,  I  difmiffed  her,  ordering  her  p'a- 
rents  to  wrap  her  up  warm  in  bed  immediately  and  bring  her 
to  me  again  in  a  day  or  two. 

At  her  next  appearance,  ffie  was  much  altered  for  the 
better  :  inftead  of  that  cold  and  numbnels  ffie  had  before 
complained  of,  her  limbs  had  a  glowing  warmth  in  them 
from  the  time  ffie  had  left  me ;  and  thi^  was  followed  by  a 
profufe  fweating,  which  came  on  foon  after  ffie  was  put, to 
bed,  and  continued  for  about  two  days  after  the  firfl;  opera¬ 
tion.  There  was  likewife  a  copious  difcharge  from  the  blif- 
ter,  which  for  fome  days  before  had  produced  no  effect,  and 
was  in  a  manner  dried  up. 

After  the  fecond  operation  ffie  coiftinued  to  mend. 
After  the  fourth^  ffie  went  by  herfelf  upon  crutches  to  a 
neighbour’s  houfe  at  fome  little  diftance.  At  this  time,  the 
ffiocks  began  to  hurt  her  fo  much  as  to  make  her  ffied  tears ; 
a  plain  proof,  that  her  limbs  had  now  in  a  great  meafure 
recovered  their  fenlibility. 

After  the  Jixth  operation,  ffie  was  able  to  walk  up  a 
fteep  hill  to  church,  without  any  affiftance  even  from  a 
walking  flick :  and  during  this  whole  courfe,  no  medicines 
of  any  kind  were  adminiflred.  Some  weaknefs  did  ftill  re¬ 
main,  which  electricity  would  not  remove ;  therefore  I  re¬ 
commended  the  ufe  of  the  cold  bath,  by  the  help  of  which 
•  ffie  foon  recovered  her  flrength,  and  is  now  able  to  work  for 
a  livelihood  nearly  as  well  as  before,  except  that  her  leg  on 
the  right  flde  is  fomewhat  ffiorter  than  the  other,  which  as 
ffie  walks  does  neceflarily  occaflon  her  to  fink  a  little  on  • 
that  fide. 


After 
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After  a  time,  fBe  was  much  troubled  with  an  inflam¬ 
mation  in  her  eyes ;  and  there  appeared  to  be  fome  violent 
humours  afloat  in  the  habit,  owing  (as  I  fuppofe)  to  a  tranf- 
lation  of  the  morbid  matter  from  the  nerves  to  the  blood- 
veflels.  I  had  recourfe  to  fome  of  the  methods  commonly 
applied  to  upon  fuch  occaflons  :  and  though  the  humour 
in  her  eyes  is  not  abfolutely  cured,  it  is  fo  far  corrected  as 
to  give  but  little  trouble,  and  I  think  fhe  will  by  degrees 
entirely  get  the  better  of  it. 

As  this  cafe  feems  to  be  a  remarkable  one,  I  have  given 
a  circumftantial  account  of  it ;  and  the  reader  may  depend 
upon  the  truth  of  all  the  particulars,  none  of  which  (to  the 
befl:  of  my  knowlege)  are  in  any  degree  difguifed  or  exag- 

I  have  had  other  opportunities  of  trying  the  power  of  elec¬ 
tricity  :  and  though  it  ought  not  to  be  haftily  cried  up  as  a  cure 
for  all  difeafes,  which  hath  been  the  misfortune  of  many  an 
ufeful  rem.edy,  fome  there  certainly  are,  to  which  it  may 
be  applied  with  a  profpedt  of  fuccefs ;  and  I  could  be  glad 
to  fee  its  ufefulnefs  properly  afeertained,  and  difcreetly  li¬ 
mited,  by  fome  candid  and  judicious  gentleman  of  the  fa¬ 
culty.  From  what  has  appeared  to  me  within  my  own  little 
fphere,  I  believe  it  may  be  of  much  fervice  in  pains  of  the 
rheumatifm^  and  paralytic  affe&ions^  where  they  are  recent, 
and  the  patient  not  too  far  advanced  in  years.  Some  of  the 
principal  diforders  ariflng  from  obJlruEitons  might  find  great 
help  from  it,  if  they  are  taken  in  time :  and  it  might  be 
worth  while  to  try  whether  it  would  not  flop  the  progrefs 
of  a  gutta  ferena^  or  of  any  other  diforder  that  may  be  re¬ 
ferred  to  this  clafs,  which  is  a  very  numerous  one.  For.  ex¬ 
perience  teaches,  that  it  will  put  the  matter  of  the  difeafe 
in  motion,  and  powerfully  promote  a  diaphorefis :  but  it 

may 
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may  require  the  fkill  of  a  regular  phyfician,  and  fome  auxi¬ 
liaries  from  medicine,  to  clear  the  body  properly  of  the  dif- 
eafe,  and  bring  it  to  an  happy  iffue. 

Its  greatefk  efficacy,  I  think,  will  be  found  in  removing 
(and  that  in  a  very  fmall  fpace  of  time)  all  fpafms  or  cramps, 
particularly  fuch  as  proceed  from  any  fudden  cold  upon  the 
the  external  parts.  And  it  feems  highly  probable,  that  in  the 
moft  extreme  cafes  of  this  kind  immediate  relief  might  be 
expedled  from  it,  even  in  that  dreadful  fpafm  which  affeds 
the  mufcles  of  the  back  or  breaft,  and  is  fo  common  both 
in  the  eajl  and  wejl-indies.  BontiuSy  in  his  Hijl,  Nat, 
Med,  Ind.  Orient,  p.  18.  gives  this  defeription  of  it  —  Tam 
repe?itinus  Sf  fubitus  eji  aliquando  ejus  impetus  See.  This 
difeafe  is  fotnettmes  fo  fudde7^  and  violent y  that  men  are  Jeized 
with  it  in  a  momenty  and  become  as  idgid  as  a  fatue  ;  the 
mufcles  in  the  anterior  or  poferior  part  of  the  body  being  con- 
traSied  towards  their  origin ;  by  which  means  the  patie7tt  is 
bent  either  backward  or  forwardy  and  fixed  in  one  pofiure  or 
the  other y  as  the  affe&ed  mufcles  are  fituated,  A  fhocking 
difie7nper  this  is  mdeed !  which  in  the  fpace  of four  and  twenty 
hours  will  carry  off  thofe  who  are  affliEied  with  it  in  extreme 
agony y  while  the  internal  or  vital  parts  are  perfeBly  found 
and  in  their  natural  fate.  The  mifery  of  thefe  poor  creatures 
has  a  ghaflly  effeEl  upon  their  countenattces ;  efpecially  if  the 
dif order  be  attettded  ( as  it  freque77tly  is )  with  the  cynic  fpafm 
or  dog-like  convulfion,  by  which  both  the  cheeks  are  drawn 
afide  toward  the  ears.  The  face  is  redy  the  eyes  are  lividy 
the  teeth  grate  together ;  and  inftead  of  their  natural  voicCy 
they  utter  a  firange  notfey  as  if  they  were  fpeaking  from  a 
cave  under  the  ground :  infomuch  that  perfons  unacquainted 
with  the  cafe  would  aSlually  take  thetn  for  deetnoniacs. 


Pi  so, 
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Pi  SO,  who  has  written  a  natural  hiftory  of  the  weji-indies^ 
tells  us  the  difeafe  is  generally  owing  to  this  caufe  —  quod 
interdiu  madidi  ac  fudore  cejiuante^^  ah  ingruente  noEiur7to 
frigore  ftbi  non  cavent  —  ‘‘  that  they  who  have  been  thrown 
into  violent  fweats  by  the  heat  and  labour  of  the  day, 
‘‘  will  afterwards  too  careleffly  expofe  themfelves  to  the  cold 
air  of  the  night.”  He  obferves  likewife,  that  on  fome 
occafions  the  teeth  are  clofed  fo  faft,  that  it  is  neceffary  to 
break  open  the  mouth  with  a  probe  of  iron ;  and  when  this 
is  done,  the  patient  is  perhaps  utterly  incapable  of  fwallow- 
ing ;  fo  that  nothing  can  be  adminiftered  by  the  mouth  to 
give  him  any  help. 

That  an  eledlrical  operation  might  remove  the  caufe 
even  of  this  diftemper,  how  frightful  foever  its  fymptoms 
may  be,  I  was  induced  to  believe,  firft,  by  the  following 
accident.  A  few  months  ago,  one  of  my  maid-fervants,  by’ 
taking  fome  cold  in  the  night,  arofe  in  the  morning  with 
that  fpafm  which  is  commonly  called  a  crick  in  the  neck ; 
fo  violent,  that  her  head  was  drawn  afide  toward  one  fhoul- 
der,  and  could  not  be  ftirred  any  way  without  caufing  an 
acute  pain.  I  ordered  her  to  place  herfelf  upon  a  ftand  fup- 
ported  by  feet  of  glafs,  with  a  defign  to  eledlrify  her  ;  and 
defired  a  perfon  prefent  to  draw  fparks  with  a  finger  from 
the  point  where  the  greateft  pain  was  felt  when  fhe  at¬ 
tempted  to  move  her  head.  By  this  means,  in  a  minute  or 
two,  her  head  came  nearer  to  the  perpendicular,  and  by 
continuing  the  operation,  was  very  foon  reftored  to  its  na¬ 
tural  pofition.  Some  forenefs  remained  in  the  part ;  but 
that  was  ealily  removed  by  keeping  her  neck  warm.  All 
the  fparks  that  were  drawn  upon  this  occafion  raifed  fo  ma¬ 
ny  little  red  puftules  or  blifters ;  which  I  think, is  not  ufual 
if  the  part  be  in  an  healthy  ftate. 
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Thjs  complaint,  though  lefs  in  degree,  is  the  fame  in 
fpecie  with  that  above-mentioned ;  and  is  fometimes  of  bad 
confequence,  as  it  hath  been  known  to  be  fixed  upon  a  per- 
fon  for  feveral  years  by  being  improperly  treated  at  fir  ft. 
Now  if  elecftricity  can  give  fuch  immediate  relief  in  one  of 
thefe  cafes,  much  might'  be  expelled  from  it  in  the  other. 
And  the  probability  of  this  will  farther  appear,  if  we  con- 
fider  the  ordinary  methods  of  cure,  which  are  the  fame  in 
intention  with  thofe  prefcribed  by  Hippocrates^  and  thefe 
are,  bleeding,  fridion,  fudorifics  ( if  they  can  be  admini- 
ftered )  and  anointing  the  patient  externally  with  the  effen- 
tial  aromatic  oils,  as  of  cloves,  mace,  oil  of  turpentine  &c. 
for  thefe  oils  are  but  fo  many  vehicles  of  elementary  fire. 
And  would  not  the  agent  itfelf,  unincumbred  with  the  ve¬ 
hicle,  and  paffing  inftantaneoufly  through  all  the  mofl  mi¬ 
nute  dudts  of  the  part  alFedted,  produce  the  defired  effed: 
with  much  greater  fpeed  and  efficacy,  with  lefs  trouble,  and 
equal  fafety  ? 

The  force  of  the  eledrical  fire  is  principally  exerted  up¬ 
on  the  nerves  and  tendons  of  the  body  :  whence  there  is 
reafon  enough  to  believe,  that  this  fluid  is  the  fame  with 
that  fomething  which  learned  phyficians  have  fo  much  dif- 
courfed  upon  under  the  name  of  animal  fpirits.  The  nerves 
do  not  appear  as  if  they  were  defigned  to  admit  within  them 
any  animal-fluid  or  liquor,  unlefs  it  be  an  indolent  lymph 
which  is  neceflary  to  keep  them  moift  :  but  their  pellucidity 
indicates  that  they  are  properly  adapted  to  give  a  dired 
paffage  to  the  fluid  of  light ;  for  they  are  tranfparent,  and 
that  not  tranfverfely,  but  longitudinally,  or  in  the  diredion 
of  their  fibres.  I  once  obferved  this  accidentally,  as  fome 
eyes  of  fheep  and  oxen,  which  I  had  procured  in  order  to 
dilfed  them,  \yere  lying  before  me  upon  my  table.,  One 
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of  thefe  eyes  Jhone  in  the  day-time,  much  in  the  fame  man¬ 
ner  as  the  eyes  of  fome  animals  do  in  the  dark.  Not  being 
able  to  account  for  this,  I  endeavoured  to  examine  the  fa^ 
as  narrowly  as  I  could ;  and  at  length  perceived,  that  if  my 
hand  were  interpofed  between  the  neareft  window  and  the 
extremity  of  the  optic  nerve  ( a  part  of  which,  nearly  an  inch 
in  length,  remained  with  the  eye,  and  was  accidentally  pointed 
toward  the  window)  the  light  immediately  difappeared. 

This  led  me  to  conlider,  whether  the  light  that  appears 
in  the  eyes  of  fome  animals  in  the  night  time,  is  really  a  re¬ 
flexion  of  light  from  the  eye,  as  is  commonly  fuppofed ;  or 
whether  it  does  not  rather  pafs  into  the  eye,  through  the 
optic  nerve,  from  the  body  of  the  animal  ?  Dr.  JVillis  calls 
it  jubar  infltum ;  and,  for  my  own  part,  I  cannot  conceive 
how  this  fhining  can  be  occafioned  by  a  reflexion  of  light 
from  the  chor aides  in  the  bottom  of  the  eye,  when  the  light 
to  be  refledted  (as  in  a  dark  night)  is  not  vifible  before  its 
entrance  into  the  eye. 

Ira  candle  be  held  before  the  eyes  of  a  dog,  and  you 
place  yourfelf  in  the  line  of  reflexion,  the  light  will  be  vi- 
libly  refledted  from  his  eyes,  becaufe  the  illumination  is  fuf- 
ficiently  ftrong ;  but  when  there  is  no  viflble  illumination 
at  all,  how  fhould  it  account  for  the  like  effedl?  whence  it 
is  more  reafonable  that  this  appearance  Ihould  be  owing  to 
a  light  from  within  the  body  of  the  animal,  which  being 
weaker  than  the  light  of  the  day,  but  ftronger  than  the  light 
of  the  night,  is  vifible  in  the  night  and  not  in  'the  day. 
The  light  of  thofe' other  bodies  which  fhine  in  the  dark,,  is 
inherent  in  the  bodies  themfelves ;  as  in  putrifying  veal,  fifh, 
rotten  wood,  pholphorus,  the  glow-worm  &c.  concerning 
the  laft  of  which,  that  eminent  anatomift  and  philofopher 
T,  Bartholine  hath  this  obfervation  —  Hahent  illcz  ( cicindel^ej 
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ft  exattimmtur^  lucldutn  humorem  in  pofteriore  parte  corpuf 
culi^  ubi  cor  latet^  quo  tnovetur  cor  ^  illuminatur^  tamdiu 
fplendore  fuo  relucentettt^  quatndiu  cor  vivit  ^  tnovetur.  Si 
tarn  patulum  oculis  noftris  ejfet  peBus  animalium^  quam  ci- 
cindelce.  tranjparens  corpufculum^  forfatt  non  abfmile  lumen  in 
corde  appareret^  quod  extinguitur  quamprimum  externo  aeri 
patet.  &c.  If  a  glow-worm  be  examined^  it  will  appear 
to  have  a  lucid  liquor  in  the  hinder  part  of  its.  body  where  the 
heart  is  placed^  by  which  the  heart  is  moved  and  illuminated ; 
and  this  fluid  retams  its  lights  fo  long  as  the  heart  of  the  in- 
feB  retains  its  life  and  motion.  Were  the  breafls  of  animals, 
as  pervious  to  the  fight  as  the  tranfparent  body  of  the  glow- 
wormy  perhaps,  a  light y  analogous  to  this^  might  appear  about 
the  region  of  the  heart which  light  is  extinguijhed  the  moment 
'it  h  expofed  to  the  open  airB  T..  BarthoL  Epift.  de  flammula. 
cordis,  p.  4.. 
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An  addition  to  the  note  at  page  153  —  I54»' 

SPEAKING  of  the  force  that  exerted  in  the  experi¬ 
ments  on  artificial  freezing.^'  I  have  called  it  a  force 
which  art  would  find  it  diflicult  to  meafure.  Such  I  then 
imagined  it  to  be,  and  contented  myfelf  with  relating  an 
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experiment,  from  which  it  could  only  be  guefled  at  in  the 
grofieft  manner.  But  being  delirous  of  obtaining  fome  cer¬ 
tainty  in  an  affair  which  deferves  a  deeper  examination,  I 
.  -  contrived  a  way,  this  lafl  winter,  of  meafuring  this  force  to 
a  fufficient  degree  of  exacTtnefs.  ' 

I  made  ufe  of  the  box  already  defcribed  in  the  foregoing 
part  of  this  note.  It  was  filled  as  before  with  water  purged 
of  its  air ;  and  being  covered,  but  not  fere  wed  down,  it 
was  placed  upon  an  oaken  pedeftal,  which  had  for  its  bafe 
a  flat  hewn  ftone  of  about  a  foot  fquare.  The  fhorter  arm 
of  a  very  ftrong  lever  was  made  to  prefs  upon  the  top  of  it; 
and  this  lever  was  compounded  with  two  others,  by  which 
the  power  of  it  was  greatly  increafed.  At  the  extremity  of 
the  longer  arm  of  the  moft  remote  lever,  a  cord  was  faft- 
ened,  which  ran  over  a  pulley,  and  had  a  weight  of  28  lb. 
hanging  at  the  end  of  it.  This  weight,  adling  as  a  mecha¬ 
nical  power ^  made  the  fl:iorter  arm  of  the  firft-mentioned 
lever  prefs  down  the  cover  of  the  box  with  a  certain  force,, 
which,  according  to  the  general  law  of  all  mechanics,  was¬ 
te  the  28  lb.  at  the  end  of  the  line,  as  the  [pace  moved 
through  by  the  power ^  to  the  fpace  moved  through  in  the  fame 
time  by  the  weight :  but  thefe  fpaces  being  compared  with 
each  other,  I  found  that  the  greater  was  to  die  lefler  as  82 
to  I.  So  that  if  we  multiply '28  by  82  the  product  will  be 
22961b.  to  which  fomething  muft  be  added  for  the  fric¬ 
tion  of  the  machine,  though  I  took  what  care  I  could  to* 
render  its  motion  as  true  and  eafy  as  poflible.  While  the 
cover  of  the  box  was  prefled  down  by  fo  great  a  v/eight, 
the  water  inclofed  within  it  was  made  to  freeze ;  and  the: 
agent  by  which  the  water  was  congealed  did  fairly  over¬ 
come  the  whole  force  of  the  machine. 

ThOUG-H! 
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Though  this  experiment  fucceeded  fo  far  as  to  give  mC' 
the  fatisfadlion  I  wanted,  it  was  interrupted  by  an  accident 
I  did  not  look  for.  When  the  water  began  to  freeze,  and 
the  cover  of  the  box  to  be  raifed  up  from  the  rim,  I  per¬ 
ceived  that  the  ground  yielded  under  the  preffure,  and  that 
the  flat  ftone  which  ferved  as  a  bafis  to  the  pedeflal  was 
funk  a  little  below  its  firfl:  pofition.  By  this  means  the  force 
was  at  firfl  fpent  upon  the  ground,  and  did  not  take  place 
in  the  machine,  till  the  ground  would  no  longer  give  way. 
It  was,  however,  fo  fenfibly  perceived  in  the  machine  like- 
wife,  as  to  prove  that  this  force  was  at  leafl  fuperior  to  one 
tony  two  hundred  and  ninety  fix  pounds.  How  much  greater 
it  may  prove  to  be,  I  cannot  as  yet  affirm ;  though  I  be¬ 
lieve  my  apparatus  would  anfwer  the  purpofe  if  it  were  re¬ 
quired  to  purfue  the  experiment  to  the  bottom.  But  there 
are  fo  many  circumflances  to  be  nicely  attended  to  in  order 
to  make  it  fucceed;  and  fo  much  time  and  trouble  to  be  be- 
flowed  upon  it  out  of  doors  in  cold  weather,  that  my  pa¬ 
tience  was  wearied  out,  for  this  winter  at  ■  leafl,  by  a  Angle 
attempt. 

The  cavity  of  the  box,  as  I  find  by  gauging  it,  contains 
5  cubic  inches  and  Water  when  it  freezes  commonly 
increafes  in  its  bulk  by  \  of  the  whole  :  therefore  the  Ipace 
occupied  by  the  ather  which  exerted  all  this  force  upon  the 
machine,  was  equal  only  to  about  of  a  cubic  inch.  And 
hence  it  will  appear  by  a  calculation,  not  worth  particulari¬ 
zing,  that  the  force  of  this  aether  (even  in  this  experiment, 
which  undoubtedly  falls  very  far  fliort  of  the  whole  truth) 
was  about  two  hundred  and  feventy  three  times  greater  than 
‘the  ordinary  prejfure  of  the  atmofphere. 
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M  R,  jB.  Robins^  the  engineer,  found  by  feveral  accurate  , 
experiments,  that  the  force  of  fired  gunpowder  is  about 
1000  times  greater  than  the  preflure  of  the  atmofphere  : 
and  the  force  of  that  agent  which  confolidates  water  into 
ice,  may  be  found  equal  to  it,  for  ought  that  has  yet  ap¬ 
peared  to  the  contrary.  We  do  not  wonder  at  the  power  of 
fire,  when  it  ads  with  a  vehement  degree  of  heat^  altho’ 
its  efteds  are  fo  great  that  nothing  can  withftand  it,  as  in 
gunpowder,  and  in  the  engine  for  draining  mines  by  the 
fleam  of  boiling  water.  But  here  we  hav^e  the  fame  fub^ 
flance  ( for  the  water  was  perfedly  cleared  of  its  air )  ex¬ 
erting  a  mofl  aftonilhing  force,  even  when  reduced  to  the 
temperature  of  ice^  and  we  may  judge  from  the  phoeno- 
mena  Cohering  bodies^  that  this  force  will  be  greateft  when- 
the  cold  is  greateft. 

The  expanfion  occafioned  by' heat,  and  this  expanfion  of 
water  by  froft,  are  certainly  not  to  be  accounted  for  in  the 
fame  manner.  My  own  opinion,  which  I  readily  fubmit  to 
the  judgment  of  others,  is  this  —  that  the  force  of  heat  arifeS’ 
from  a  vehement  motion  and  vibration  of  the  particles  of  fire 
whereas  this  cold  force^  like  the  fhock  in  eledricity,  dotb 
not  proceed  from  elementary  fire  as  it  gives  heat,  but  as  it 
rejiores  an  equilibrium  which  by  fome  means  hath  been  in^ 
terrupted. 

Th  I  s  diftindion  I  would  fupport,  by  giving  an  inflance 
of  fomething  fimilar  to  it  in  the  element  of  air,  which  ads 
in  two  feveral  capacities,  viz.  as  windy  and  as  founds  cor- 
refponding  refpedively  with  thofe  two  different  operations 
of  fire.  Sound  arifes  from  a  vibration  ov  undulatory  motion 
of  the  parts  of  air ;  whereas  wind  rufhes  into  a  more  rarefied 
fpace  to  rejlore  an  equilibrium.  And  what  is  very  wonderful,, 
and  very  true,  though  it  be  hard  enough  to  conceive,  thefe 
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two  operations  will  either  meet  or  crofs  without  difturblng 
one  another.  If  a  great  gun  be  fired  two  or  three  miles  off 
to  the  eajiward^  and  the  wind  blows  hard  at  the  fame  time 
.  from  the  weftward^  the  found  will  arrive  in  the  fame  fpace 
of  time  as  if  its  motion  had  concurred  with  the  motion  of 
the  wind.  In  fome  degree,  the  fame  thing  is  obfervable 
even  in  fuch  a  fluid  as  water  ;  one  fiream  of  which,  if  it 
moves  fwiftly  over  a  fmooth  bottom,  will  crofs  many  others 
nearly  at  the  fame  angle,  and  appear  to  have  fuffcred  little 
or  nothing  from  them,  as  I  have  frequently  obferved  with 
fome  furprize. 

These  confiderations  will  enable  us  to  fee  in  a  proper 
light  the  following  experiment,  to  which  I  have  alluded  at 
^.134.  /.  19.  though  I  did  not  think  it  neceflary  to  men¬ 
tion  it  in  that  place. 

1  F  an  iron  bar  of  fome  length  be  heated  red  hot  in  the 
middle,  and  you  eledlrify  it  at  one  end,  a  fpark  of  the  elec¬ 
tric  aether  may  be  drawn  from  the  other.  Such  philofophers 
as  do  not  carefully  diftinguifh  between  the  motions  of  fluids 
and  thofc  of  folid  maffes,  will  afk  us  how  this  can  be,  'if 
fire  and  the  eledlric  aether  are  fuppoled  to  be  the  fame 
thing  ?  Here  is  elementary  fire  going  off  in  a  ftream  at 
right  angles  to  the  axis  of  the  bar ;  while  the  eledric  aether 
can  go  ftrait  from  one  end  to  the  other,  without  being  ab- 
forbed,  diffipated,  and  carried  off^  in  the  common  ftream  at 
the  place  which  is  red  hot,  or  without  being  obJlruSied  in 
its  pajfcig^  by  a  fluid  of  the  fame  kindy  as  there  is  reafo7t  to 
believe jt  would  be.  But  indeed  there  is  not  the  leaft  reafon 
to  believe  this,  as  the  parallel  now  before  'us  will  plainly 
demonftrate.  For  when  a  cannon  is  fired  off*,  the  air  is 
thrown  into  fubtil  waves,  fpreading  themfelves  very  fwiftly 
throughout  a  circular  fpace,  of  which  the  fonorous  body  is 
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the  centre.  But  a  ftrong  wind  will  blow  acrofs  this  (pace, 
even  through  the  centre  of  it,  without  being  flopped  itfelf, 
and  without  retarding  the  motion  of  the  found.  How  un~ 
philofophical  would  it  be  to  argue  from  this  obfervation, 
that  the  element  which  brings  found  to  the  ear,  and  the  air 
which  blows  acrofs  it  as  a  wind,  are  two  different  fluids? 
Who  will  venture  to  fay,  that  the  current  of  .wind  or  the 
waves  of  found  ought  to  be  obJlruSied  by  a  fluid  of  the  fame 
kind,  feeing  all  this  is  falfe  by  experience  ?  And  if  in  the 
air  two  fuch  effeds  can  be  produced  without  any  confider- 
able  diflurbance,  and  may  conlifl  well  with  each  other 
though  they  are  ^  apparently  oppolite  and  inconfiflent;  how 
much  more  will  they  confifl  in  the  element  of  fire,  the  fub- 
tilty  of  which  will  admit  of  a  greater  variety  of  motions, 
all  of  them  more  perfed  in  their  kind,  as  fire  is  rhore  fub- 
til  than  air. 

.  This  experiment  may  alfo  be  rightly  underflood  only  by 
confidering  what  effed  the  preffure  of  the  air  will  have  on  • 
the  furface  of  the  iron  bar.  For  if  the  part  that  is  red-hot 
could  by  any  contrivance  be  included  in  a  (pace  exhaufled 
of  air,  the  fire  would  be  diffipated,  and  the  bar  would  grow 
cold  much  fooner  there  than  in  the  open  air.  Now  the  fame 
preffure  which  will  fuffer  the  fire  to  efcape  but  flowly,  and  in 
a  certain  furplufage,  under  the  form  of  heat,  doth  alfo  fupprefs 
and  keep  in  the  eleBrical  current,  fo  that  it  fliall  go  freely 
from  one  end  of  the  bar  to  the  other  without  being  difli- 
pated ;  whereas  this,  together  with  the  heat,  would  be  difli- 
pated  in  an  exhaufled  fpace  as  fafl  as  it  could  be  infufed. 
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On  Book  IV.  Chap.  I. 


'^^  AGE  188.  L  6.  &c.  Men  of  learning  have  been  divided 
^  in  their  fentiments  concerning  the  optical  knowlege  of 
the  ancients.  Some  are  fo  fwallowed  up  by  an  admiration 
of  the  difcoveries  that  have  been  made  in  the  laft  and  in  the 
prefent  century,  that  they  are  tempted  to  pafs  fentence  up^ 
on  the  Ikill  of  the  ancients,  before  they  know  what  the 
ancients  have  faid  for  themfelves ;  and  they  imagine  there  is 
abfolutely  nothing  to  be  faid  on  the  oppofite  fide  of  the 
queftion  but  what  arifes  from  an  irrational  attachment  to 
the  wifdom  of  antiquity.  But,  fetting  apart  all  prejudice  to 
one  fide  or  the  other,  I  fhall  humbly  offer  a  few  fhort  hints, 
only  as  an  encouragement  to  fome  farther  examination  of 
the  fubjedl,  by  thofe  who  have  learning  and  leifure*  enough 
to  undertake  it* 

That  the  ancients  were  acquainted  with  the  burning 
power  of  mirrors  and  giaffes  is  not  difputed.  M.-  Buffon  of 
Paris  contrived  a  method  fome  few  years  ago  of  fetting  deal 
boards  on  -fire  by  the  reflected  rays  of  the  fun,  at  the  dif- 
tance  of  200  feet,  merely  by  a  proper  application  of  a  num¬ 
ber  of  plane  looking-glaffes :  an  experiment  which  did  in  a 
great  meafure  re-efiablifh  the  credit  of  what  has  been  re-  ^ 
ported  of  Archimedes  burning  the  fhips  of  the  Romans  at  a 
confiderable  difiance  from  the  v/alls  of  Syr-acufe,  See  Phil. 

‘  'TranfaEi.  483.  But  although  burning-glaffes  were  known 
to  the  ancients,  the  moderns  have  denied  that  they  did  ever 
obferve  the  power  of  glafs  in  magnifying  objedls,  affirming 
that  not  the  Icafi:  hint  of  fuch  a  thing  is  to  be  found  in  any 
of  their  writings.  How  they  could  be  pofTeffed  of  the  art 
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of  glafs,  and  make  a  daily  ufe  of  glafs  veffels  of  all  forts, 
without  obferving  that  objeds  appear  larger  through  glafs 
that  hath  a  fpherical  furface,  would  to  me,  I  confefs,  be 
hard  enough  to  conceive,  though  there  were  not  a  fingle 
paflage  of  antiquity  that  made  any  mention  of  it.  But  that 
the  ancients  did  adually  obferve  this,  is  clear  from  their  own 
accounts.  Seneca  has  thefe  words  —  Poma  per  vitrum  afpi- 
cientibus  multo  major  a  funt  —  or,  as  he  exprefles  it  in  an¬ 
other  part  of  the  fame  book  —  Ji  innatant  vitro  —  apples 
appear  greatly  magnified  to  thofe  who  view  them  as  they 
fwim  in  a  veflel  of  glafisP  Nat,  lib,  I.  cap,  6. 

This  obfervation,  it -may  be  faid,  if  they  went  no  farther, 
could  not  be  applied  to  any  ufe;  the  advantage  that  might 
be  obtained  by  immerging  the  leaf  of  a  book  into  a  veffel 
of  water,  in  order  to  fee  the  letters  foraewhat  magnified, 
would  never  be  worth  the  trouble.  To  read  fmall  letters 
with  any  tolerable  convenience,  either  a  portion  of  a  fphere 
of  folid  glafs,  or  an  hollow  fphere  of  glafs  filled  with  water, 
muft  be  placed  between  the  objed  and  the  eye  of  the  fpec- 
tator.  The  latter  of  thefe  they  certainly  had  in  ufe,  and 
applied  them  as  dioptric  burning-glafles.  That  they  could 
do  this,  and  be  ignorant  of  their  magnifying  power,  would 
not  be  credible ;  and  the  contrary  is  plainly  affirmed.  Seneca 
obferves  —  Literce  quaftrois  7}iinutie  ^  obficurce,^  per  vitream 
pilam  aqua  plenam^  major es  clariorefique  cernuntur,  “  Let- 
ters,  though  minute  and  obfcure,  appear  larger  and  clearer 
‘‘  through  a  glafs  bubble  filled  with  water.”  Ibid,  cap.  7. 
It  is  fcarce  probable  that  any  curious  mathematician,  of 
whom  there  were  many  among  the  ancients,  fhould  have 
been  familiar  with  fo  important  an  experiment  without  go¬ 
ing  farther  :  but  how  could  this  be  done,  unlefs  they  un- 
derftood  the  way  of  grinding  glafs,  fo  as  to.  form  it  into 
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portions  of  larger  fpheres  ?  To  do  this  (lays  Dr.  Hook)  they 
muji  have  k?'iown  how  to  have  wrought  a7'id  ground  their 
glajjfes  as  we  do ;  whereas  in  all  prohahhility  the  ancients  knew 
only  how  to  blow  their  glaffes  a7'id  Tnake  vejjels  of  it.  See  Dr. 
S7nith\  Optics.  Vol.  IL  p.  16.  Art.  94  of  the  Remarks. 
But  lierc  Dr.  Hook  was  under  a  miftake ;  for  the  ancients 
gave  a  figure  to  their  glafs,  not  by  blowing  only,  as  he  has 
imagined,  but  by  the  three  different  methods  in  ufe  with 
the  moderns.  Plmy  defcribes  the  practice  of  the  ancient 
artifts  in  thefe  words  —  Aliud  flatu  figuratur^  aliud  TORNO 
TE  RITUR,  aliud  dr  gent  i  fnodo  coelatur^  Sidone  quondam 
iis  oficinis  nobiliy  fiquidem  etiam  fpecula  excogitaverat,  Hcec 
fiiit  ANTIGUA  RATIO  VITRL  “  Some  glafs  is  fa- 
(hioned  by  blowing;  fome  is  ground  upon  a  wheel,  or  in 
a  turning-lath ;  and  fome  is  engraved  like  filver.  Sidon 
“  was  celebrated  for  its  glafs-works,  having  alfo  invented 
fpectda.  Such  was  the  ancient  art  of  glafs.”  Nat.  Hijl. 
lib.  36.  cap.  26.  In  another  place  Pliny  calls  this  city  of 
Phoenicians  —  Sidon  artif ex  vitri.  Lib.  cap.  20.  As 
to  the  words  —  fquidem  etiam  fpecula  excogitaverat  —  I 
quote  them  as  they  ftand  in  the  text  of  the  variorum  edi¬ 
tion  ;  but  the  fenfe  of  the  author  is  not  clear.  He  may 
poffibly  mean  more  than  we  fhould  exped: ;  fpecula  is  a 
proper  word  to  fignify  telef copes  ;  and  excogitaverat  muff 
allude  to  fome  notable  invention.  But  as  we  may  lift  out  of 
a  dark  expreffion  more  than  the  author  himfelf  underftood 
by  it,  I  dare  not  lay  any  great  ftrefs  upon  it. 

T  H  AT  glafs  was  ground  by  the  ancients,  may  be  proved 
from  the  writings  of  Seneca  ;  for  how  could  a  prifm  of  glals 
be  made  by  blowing  f  Yet  fuch  things  were  in  ufe  among 
the  virtuofi  of  Rome  in  the  days  of  Ne7''o  —  Virgula  fokt 
fieri  vitrece  — pluribus  angulis  —  hcec  fi  ex  tranfverfo  folem 
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accipity  color em  talent^  quails  in  arcu*  videri  folet^  reddit, 
A  rod  or  bar  of  glafs  (faith  Seneca)  is  made,  with  feveral 
‘‘  angles,  which,  if  it  receives  the  rays  of  the  fun  through 
it,  makes  fuch  colours  as  we  fee  in  the  Rainbow""  Nat, 
^ucejl,  lib.  I.  cap,  7.  And  he  fpeaks  of  multiplying  glaffes, 
the  feveral  faces  of  which  muft  undoubtedly  have  been  cut 
upon  a  wheel.  Si  apte  fabricata  foret^  totideni  redder et  fo¬ 
ies^  quot  habuijfet  infeSiuras,  Ibid,  But  there  is  one  obfer- 
vation  I  ought  not  to  omit,  viz,  that  although  Seneca  fpeaks 
fo  expreflly  of  the  ufe  of  glafles,  and  mentions  the  refrac¬ 
tion  of  an  oar  in  the  water y  he  does  not  feem  to  have  any 
idea  of  the  principles  upon  which  thefe  effedls  are  brought 
to  pafs. 

Spectacles  are  fuppofed  to  have  been  firfl  known  about 
the  latter  end  of  the  13th  century:  but  there  is  little  doubt 
to  be  made  that  our  famous  countryman  Friar  Bacon  was 
acquainted  both  with  fpedtacles  and  telefcopes  before  that 
time.  Upon  any  other  fuppofition,  his  own  expreffions  on 
the  fubjeft  are  altogether  unaccountable.  And  I  am  inclined 
to  believe,  that  fome  traces  may  be  found  of  an  earlier  date. 
Amongft  the  adages  of  funius  (  publifhed  in  the  fame  vo- 
lume  with  thofe  of  Erajmus)  this  fhort  paffage  is'  extracted 
from  Piftdas^  a  chriftian  writer  who  flourifhed  at  Confanti- 
nople  in  the  7  th  century  —  To,  .wgMovm  a?  cTta  <m  !2.M7rni 

you  fee  things  future  as  by  a  dioptrum""  What  can  this 
dioptrum  be  ?  Muft  we  not  underftand.by  it  either  a  fpec- 
tacle-glafs  or  a  profpeciive-glafs  f  We  know  of  no  other  in- 
ftruments  whereby  things  indiftindl  and  at  a  difbnce  may 
be  feen  as  if  they  were  near  at  hand.  The  art  by  which 
this  is  brought  to  pafs  is  plainly  the  fubjedt  matter  of  the 
fimile.  The  author  (Junius )  in  whom  I  accidentally  met 
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with  this  paflage,  being  himfelf  ignorant  of  the  telefcope, 
takes  this  dioptrum  for  the  fights  of  a  quadrant,  or  fome 
other  geometrical  inftrument.  But  how  can  thefe  fights 
(unlefs  they  are  telefcopic  ones)  afford  any  refemblance  to 
that  prophetical  fagacity  in  the  mind,  whereby  it  fees  things 
as  yet  at  a  diftance ;  to  which  nothing  in  the  world  can  be 
fo  nearly  like,  as  that  power  of  feeing  diftant  objeds  by  the 
help  of  optical  glafies.  As  to  plain  fights  of  a  quadrant 
&c.  the  eye  is  fo  far  from  being  aflifted  by  them  when  it 
views  a  diftant  objed,  that  the  chief  difficulty  an  artift  has 
to  contend  with,  is  that  of  making  the  accuracy  of  the  line 
of  collimation  upon  the  inftrument  confift  with  clear  and 
diftind  vifion. 

I T  may  feem  ftrange  indeed,  that  if  dioptric  glajfes  were 
anciently  in  ufe,  we  ffiould  hear  of  them  no  oftener  in  the 
writings  of  the  ancients.  This  may  be  hard  to  account  for ; 
and  yet  it  may  be  very  unfafe  to  draw  a  pofitive  conclufion 
from  negative  evidence.  Friar  Bacon  mentions  the  refrac¬ 
tions  of  the  fun’s  rays  through  a  glafs  fphere :  but  as  he 
docs  not  fay  totidem  verbis  that  he  ever  viewed  an  objed 
through  fuch  a  Iphere,  the*  learned  Dr.  Smith  is  of  opinion 
(if  I  do  not  mifunderftand  him)' that  he  had  no  experience 
of  its  magnifying  power.  See  Opticks,  Vol.  II.  p.  21.  R. 
And  had  Seneca  defcribed  his  glafs  ball  filled  with  water 
only  as  a  burning  glafs,  this  might  have  tempted  us  to  ar¬ 
gue,  that  he  knew  nothing  of  its  ufe  in  magnifying  letters  : 
only  he  happens  to  have  precluded  fuch  a  conjedure  by  de¬ 
claring  the  contrary.  He  might  know  more  than  he  has 
(poken  of :  the  mathematicians  and  workers  in  glafs  of  thofe 
days  might  know  more  than  he  did  :  and  the  ancient  Greeks 
and  Phoenician  might  know  more  than  the  Latins :  but  the 
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accounts  we  have  of  many  ancient  works  of  art  are  fo  much 
broken  by  the  injuries  of  time,  the  ambiguities  of  language, 
the  fucceeding  interefts  of  different  feds  of  philofophers, 
and  .the  barbarifm  of  the  intermediate  ages,  that  it  muft 
now  be  very  difficult  to  eftabliffi  this  fuppolition  by  fo  many 
and  clear  proofs  as  ought  to  be  deemed  fatisfadory. 

I F  we  fhould  argue  by  inference^  the  cafe  will  be  a  little 
altered.  The  cabinets  of  the  curious  are  faid  to  contain 
fome  very  ancient  gems  of  admirable  workmanffiip,  the  fi¬ 
gures  upon  which  are  fo  fmall,  that  they  appear  beautiful 
through  a  magnifying  glafs,  but  altogether  indiftind  and 
x:onfufed  to  the  naked  eye.  And  if  they  cannot  be  viewed, 
how  could  they  be  wrought  without  the  affiftance  of  glaflcs  ? 
How  could  it  be  known,  that  the  .moon  has  a  form  like  to 
that  of  the  earth ;  that  it  has  plains,  hills  and  vallies  in  it  ? 
When  it  is  feen  through  a  telefcope,  the  difpofition  of  the 
lights  and  fhadows  render  this  very  evident  upon  the  com¬ 
mon  rules  of  perfpedive ;  but  no  fuch  thing  appears  to  the 
naked  eye.  How  could  it  be  known,  that  the  via  laEiea 
arifes  .from  the  combined  rays  of  an  infinite  number  of  fmall 
ftars  ?  How  came  the  true  folar  fyftem  to  have  been  fo  well 
known  and  defcribed  by  the  moft  eminent .  philofophers  of 
antiquity  ;  when  the  beft,  and  indeed  the  only  decifive  proofs 
of  it  muft  be  derived  from  the  telefcope But .  above  all, 
how  came  it  td  be  aflerted  (as  we  have  already  feen  at  p.  192) 
that,  the  fphere  of  the  fixed  fiars  is  fo  immenfe^  that  the  circle 
of  the  earth's  annual  orb  bears  no  greater  a  proportion  to  At 
than  the  centre  of  any  fphere  bears  to  its  whole  furface  P 
This  does  fo  far  exceed  the  comprehenfion  of  the  human 
mind,  -that  it  is  now  the  moft  indigeftible  truth  in  the  mo¬ 
dern  aftronomy  ;  and  never  was  afferted  fince  the  revival  of 

the 


POSTSCRIPT,' 


'280 

the  Pythagorean  fcheme,  till  Dr.  Bradley^  by  cburfe  of 
'  the  moft  accurate  obfervations  that  ever  were  made  with  a 
telefcopic  apparatus^  reduced  the  annual  parallax  of  tHe  fixt 
ftars  to  an  infenlible  quantity. 

Many  ingenious  men,  and  fome  good  mathematicians 
who  never  defcended  to  the  pradiical  part  of  aftronomy,  are 
ready  to  fufpedl  the  truth  of  all  fuch  conclulions  in  the  fai¬ 
ence  as  depend  upon  the  meafuring  of  angles  to  a  very  few 
Jecond  minutes  of  a  degree.  But  for  my  6wn  part,  though 
I  would  not  be  bound  to  follow  /peculations^  of  every 
modern  aftronomer,  I  am  not  difpofed  to  queftion  the  truth 
of  any  aftronomical  difcoveries  pretended  to  by  Ib  great  a 
mafter  of  the  fcience  as  Dr.  Bradley,  furnifhcd  as  he  is  too 
with  the  fineft  inftruments  in  the  world :  and  I  think  I  can 
guefs  very  nearly  at  the  degree  of  exa<5tnefs  that  may  be  at¬ 
tained,  by  what  I  have  been  able  to  learn  in  this  way  from 
my  own  experience.  I  beftowed  fome  pain5  in  contriving 
•and  executing  an  inftrument  of  a  large  radius,  with  telefco¬ 
pic  fights  See.  which  in  the  many  obfervations  I. have  made 
with  it,  has  far  exceeded  my  firft  expedlations.  \n-June 
1761  I  had  an  opportunity  (which  I  had  long  defired)  of 
'  obferving  the  obliquity  of  the  ecliptic ;  and  knew  I  could  fo 
far,  depend  upon  the  obfervation,  when  compared  with  that 
of  Mr.  Flam/eed  and  fome  others,  as  to  be  morally  certain 
that  this  obliquity  is  not  fo  great  at  prefont,  by  about  one 
7ninute  of  a  degree,  as  it  was  an  hundred  years  ago.  I  tranf- 
mitted  the  refult  of  my  obforvation  to  a  learned  gentleman, 
eminently  fkilled  in  aftronomical  ftudies,  who  has  very  lately 
informed  me,  that  it  differs  only  2''  from  the  obliquity  at 

•  that  time  as  determined  by  Dr.  Bradley, 
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The  SE  few  reflexions  on  the  optical  knowlege  of  the  an¬ 
cients  I  have  thrown  haftily  together,  merely  as  an  effay,  to 
be  carried  farther  ( if  it  is  worth  it)  by  thofe  who  are  more 
advantageoufly  fltuated  for  fuch  an  employment.  My  read¬ 
ing  is  fo  circumfcribed  by  the  books  in  my  own  ftudy,  that 
I  have  no  opportunity  of  going  any  deeper  into  this  affair 
at  prefent :  nor  have  I  any  interefl:  on  one  fide  of  the  quef- 
tion  or  the  other.  As  the  ancients  were  in  pofleflion  of 
much  valuable  truth,  and  have  delivered  down  to  us  the  befl 
elements,  and  fbme  of  the  higheft  conclufions,  in  almoft 
every  fcience ;  it  is  a  piece  of  juftice  due  to  them  from  all 
men  of  letters,  never  to  pronounce  upon  them  from  their 
own  prejudices ;  but  to  obtain  what  light  they  can  by  a 
perufal  of  their  writings :  an  employment  which'  will  be 
attended  with  more  pleafure  and  fatisfadlion,  and  turn  alfo 
to  a  much  better  account,  than  the  taking  up  of  an  opi¬ 
nion  upon  truft  from  any  modern  writer  whatfoever. 
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